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Preface 



The main goal of this book is the same as in previous edi- 
tions: to provide students a tool for assessing their mastery 
of physiology as presented in Guyton and Hall Textbook of 
Medical Physiology. 

Self-assessment is an important component of effective 
learning, especially when studying a subject as complex as 
medical physiology. Guyton & Hall Physiology Review is 
designed to provide a comprehensive review of medical phys- 
iology through multiple-choice questions and explanations 
of the answers. Medical students preparing for the United 
States Medical Licensure Examinations (USMLE) will also 
find this book useful because most of the test questions have 
been constructed according to the USMLE format. 

The questions and answers in this review are based on 
Guyton and Hall Textbook of Medical Physiology, 13th 
Edition (TMP 13). More than 1000 questions and answers 
are provided, and each answer is referenced to the Textbook 
of Medical Physiology to facilitate a more complete under- 
standing of the topic. Illustrations are used to reinforce 
basic concepts. Some of the questions incorporate informa- 
tion from multiple chapters to test your ability to apply and 
integrate the principles necessary for mastery of medical 
physiology. 

An effective way to use this book is to allow an aver- 
age of 1 minute for each question in a unit, approximating 



the time limit for a question in the USMLE examination. 
As you proceed, indicate your answer next to each ques- 
tion. After finishing the questions and answers, verify your 
answers and carefully read the explanations provided. Read 
the additional material referred to in the Textbook of Medi- 
cal Physiology, especially for questions for which incorrect 
answers were chosen. 

Guyton and Hall Physiology Review should not be used 
as a substitute for the comprehensive information con- 
tained in the Textbook of Medical Physiology. It is intended 
mainly as a means of assessing your knowledge of physiol- 
ogy and strengthening your ability to apply and integrate 
this knowledge. 

We have attempted to make this review as accurate as 
possible, and we hope that it will be a valuable tool for your 
study of physiology. We invite you to send us your cri- 
tiques, suggestions for improvement, and notifications of 
any errors. 

I am grateful to each of the contributors for their care- 
ful work on this book. I also wish to express my thanks 
to Lauren Boyle, Rebecca Gruliow, Elyse O’Grady, Carrie 
Stetz, and the rest of the Elsevier staff for their editorial 
and production excellence. 

John E. Hall 
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UNIT 



Introduction to Physiology: The Cell and 

General Physiology 



1. Which statement about microRNAs (miRNAs) is cor- 
rect? 

A) miRNAs are formed in the cytoplasm and repress 
translation or promote degradation of messenger 
RNA (mRNA) before it can be translated 

B) miRNAs are formed in the nucleus and then 
processed in the cytoplasm by the dicer enzyme 

C) miRNAs are short (21 to 23 nucleotide) double- 
stranded RNA fragments that regulate gene ex- 
pression 

D) miRNAs repress gene transcription 

2. Compared with the intracellular fluid, the extracel- 
lular fluid has sodium ion concentration, 

potassium ion concentration, 

chloride ion concentration, and phosphate 

ion concentration. 

A) Lower, lower, lower, lower 

B) Lower, higher, lower, lower 

C) Lower, higher, higher, lower 

D) Higher, lower, higher, lower 

E) Higher, higher, lower, higher 

F) Higher, higher, higher, higher 

3. In comparing two types of cells from the same person, 
the variation in the proteins expressed by each cell type 
reflects which of the following? 

A) Differences in the DNA contained in the nucleus of 
each cell 

B) Differences in the numbers of specific genes in 
their genomes 

C) Cell-specific expression and repression of specific 
genes 

D) Differences in the number of chromosomes in each 
cell 

E) The age of the cells 

4. Which statement about telomeres is incorrect? 

A) Telomeres are repetitive nucleotide sequences at 
the end of a chromatid 

B) Telomeres serve as protective caps that prevent the 
chromosome from deterioration during cell division 

C) Telomeres are gradually consumed during repeated 
cell divisions 

D) In cancer cells, telomerase activity is usually re- 
duced compared with normal cells 



5. Which of the following events does not occur during 

the process of mitosis? 

A) Condensation of the chromosomes 

B) Replication of the genome 

C) Fragmentation of the nuclear envelope 

D) Alignment of the chromatids along the equatorial 
plate 

E) Separation of the chromatids into two sets of 46 
“daughter” chromosomes 

6. The term “glycocalyx” refers to what? 

A) The negatively charged carbohydrate chains that 
protrude into the cytosol from glycolipids and in- 
tegral glycoproteins 

B) The negatively charged carbohydrate layer on the 
outer cell surface 

C) The layer of anions aligned on the cytosolic surface 
of the plasma membrane 

D) The large glycogen stores found in "fast” muscles 

E) A mechanism of cell-cell attachment 

7. Which statement is incorrect? 

A) The term “homeostasis” describes the maintenance 
of nearly constant conditions in the body 

B) In most diseases, homeostatic mechanisms are no 
longer operating in the body 

C) The body’s compensatory mechanisms often lead 
to deviations from the normal range in some of the 
body’s functions 

D) Disease is generally considered to be a state of dis- 
rupted homeostasis 

Questions 8-10 

A) Nucleolus 

B) Nucleus 

C) Agranular endoplasmic reticulum 

D) Granular endoplasmic reticulum 

E) Golgi apparatus 

F) Endosomes 

G) Peroxisomes 

H) Lysosomes 

I) Cytosol 

J) Cytoskeleton 

I<) Glycocalyx 

L) Microtubules 
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For each of the scenarios described below, identify the 
most likely subcellular site listed above for the deficient or 
mutant protein. 

8. The abnormal cleavage of mannose residues during the 
post-translational processing of glycoproteins results 
in the development of a lupus-like autoimmune disease 
in mice. The abnormal cleavage is due to a mutation of 
the enzyme a-mannosidase II. 

9. The observation that abnormal cleavage of mannose 
residues from glycoproteins causes an autoimmune 
disease in mice supports the role of this structure in 
the normal immune response. 

10. Studies completed on a 5-year-old boy show an accu- 
mulation of cholesteryl esters and triglycerides in his 
liver, spleen, and intestines and calcification of both 
adrenal glands. Additional studies indicate the cause to 
be a deficiency in acid lipase A activity. 

Questions 1 1-13 

A) Nucleolus 

B) Nucleus 

C) Agranular endoplasmic reticulum 

D) Granular endoplasmic reticulum 

E) Golgi apparatus 

F) Endosomes 

G) Peroxisomes 

H) Lysosomes 

I) Cytosol 

J) Cytoskeleton 
I<) Glycocalyx 
L) Microtubules 

Match the cellular location for each of the steps involved 
in the synthesis and packaging of a secreted protein listed 
below with the correct term from the list above. 

11. Protein condensation and packaging 

12. Initiation of translation 

13. Gene transcription 

14. Worn-out organelles are transferred to lysosomes by 
which of the following? 

A) Autophagosomes 

B) Granular endoplasmic reticulum 

C) Agranular endoplasmic reticulum 

D) Golgi apparatus 

E) Mitochondria 



15. Which of the following is not a major function of the 
endoplasmic reticulum (ER)? 

A) Synthesis of lipids 

B) Synthesis of proteins 

C) Providing enzymes that control glycogen break- 
down 

D) Providing enzymes that detoxify substances that 
could damage the cell 

E) Secretion of proteins synthesized in the cell 

16. Which of the following does not play a direct role in the 
process of transcription? 

A) Helicase 

B) RNA polymerase 

C) Chain-terminating sequence 

D) “Activated” RNA molecules 

E) Promoter sequence 

17. Which statement is true for both pinocytosis and 
phagocytosis? 

A) Involves the recruitment of actin filaments 

B) Occurs spontaneously and nonselectively 

C) Endocytotic vesicles fuse with ribosomes that re- 
lease hydrolases into the vesicles 

D) Is only observed in macrophages and neutrophils 

E) Does not require ATP 

18. Which of the following proteins is most likely to be the 
product of a proto-oncogene? 

A) Growth factor receptor 

B) Cytoskeletal protein 

C) Na + channel 

D) Ca ++ -ATPase 

E) Myosin light chain 

19. Which statement is incorrect? 

A) Proto-oncogenes are normal genes that code for 
proteins that control cell growth 

B) Proto-oncogenes are normal genes that code for 
proteins that control cell division 

C) Inactivation of anti-oncogenes protects against the 
development of cancer 

D) Several different simultaneously activated onco- 
genes are often required to cause cancer 

20. Which statement about feedback control systems is in- 
correct? 

A) Most control systems of the body act by negative 
feedback 

B) Positive feedback usually promotes stability in a 
system 

C) Generation of nerve actions potentials involves 
positive feedback 

D) Feed-forward control is important in regulating 
muscle activity 
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21. Assume that excess blood is transfused into a patient 
whose arterial baroreceptors are nonfunctional and 
whose blood pressure increases from 100 to 150 mm 
Hg. Then, assume that the same volume of blood is in- 
fused into the same patient under conditions in which 
his arterial baroreceptors are functioning normally 
and blood pressure increases from 100 to 125 mm Hg. 
What is the approximate feedback “gain” of the arterial 
baroreceptors in this patient when they are functioning 
normally? 

A) -1.0 

B) -2.0 

C) 0.0 

D) +1.0 

E) +2.0 

22. Which of the following cell organelles is responsible for 
producing adenosine triphosphate (ATP), the energy 
currency of the cell? 

A) Endoplasmic reticulum 

B) Mitochondria 

C) Lysosomes 

D) Golgi apparatus 

E) Peroxisomes 

F) Ribosomes 
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23. Which statement about mRNA is correct? 

A) mRNA carries the genetic code to the cytoplasm 

B) mRNA carries activated amino acids to the ribo- 
somes 

C) mRNA is composed of single- stranded RNA mole- 
cules of 21 to 23 nucleotides that can regulate gene 
transcription 

D) mRNA forms ribosomes 




24. “Redundancy” or "degeneration” of the genetic code 
occurs during which step of protein synthesis? 

A) DNA replication 

B) Transcription 

C) Post-transcriptional modification 

D) Translation 

E) Protein glycosylation 
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ANSWERS 



1. A) The miRNAs are formed in the cytoplasm from 
pre-miRNAs and processed by the enzyme dicer that 
ultimately assembles RNA-induced silencing complex, 
which then generates miRNAs. The miRNAs regulate 
gene expression by binding to the complementary re- 
gion of the RNA and repressing translation or promot- 
ing degradation of messenger RNA before it can be 
translated by the ribosome. 

TMP13 pp. 32-33 



5. B) DNA replication occurs during the S phase of the 
cell cycle and precedes mitosis. Condensation of the 
chromosomes occurs during the prophase of mitosis. 
Fragmentation of the nuclear envelope occurs during 
the prometaphase of mitosis. The chromatids align at 
the equatorial plate during metaphase and separate 
into two complete sets of daughter chromosomes dur- 
ing anaphase. 

TMP13 p. 37 




2. D) The extracellular fluid has relatively high concen- 
trations of sodium and chloride ions but lower concen- 
trations of potassium and phosphate compared with 
the intracellular fluid. 

TMP13 pp. 3-4 

3. C) The variation in proteins expressed by each cell re- 
flects cell-specific expression and repression of specific 
genes. Each cell contains the same DNA in the nucleus 
and the same number of genes, and thus differentiation 
results not from differences in the genes but from selective 
repression and/or activation of different gene promoters. 

TMP13 p. 41 

4. D) Telomeres are repetitive nucleotide sequences, lo- 
cated at the end of a chromatid, that serve as protective 
caps to prevent the chromosome from deterioration 
during cell division, but they are gradually consumed 
during cell divisions (see figure below). In cancer cells, 
the enzyme telomerase is activated (not inhibited) and 
adds bases to the ends of the telomeres so that many 
more generations of cancer cells can be produced. 

TMP13 p. 40 




6. B) The cell “glycocalyx” is the loose negatively charged 
carbohydrate coat on the outside of the surface of the 
cell membrane. The membrane carbohydrates usu- 
ally occur in combination with proteins or lipids in the 
form of glycoproteins or glycolipids, and the “glyco” 
portion of these molecules almost invariably protrudes 
to the outside of the cell. 

TMP13 p. 14 

7. B) The term homeostasis describes the maintenance of 
nearly constant conditions in the internal environment 
of the body, and diseases are generally considered to 
be states of disrupted homeostasis. However, even in 
diseases, homeostatic compensatory mechanisms con- 
tinue to operate in an attempt sustain body functions 
at levels that permit life to continue. These compensa- 
tions may result in deviations from the normal level of 
some body functions as a “trade-off” that is necessary 
to maintain vital functions of the body. 

TMP13 p. 4 

8. E) Membrane proteins are glycosylated during their 
synthesis in the lumen of the rough endoplasmic reticu- 
lum. Most post-translational modification of the oligo- 
saccharide chains, however, occurs during the transport 
of the protein through the layers of the Golgi apparatus 
matrix, where enzymes such as a-mannosidase II are 
localized. 

TMP13 p. 15 

9. I<) The oligosaccharide chains that are added to gly- 
coproteins on the luminal side of the rough endoplas- 
mic reticulum, and subsequently modified during their 
transport through the Golgi apparatus, are attached 
to the extracellular surface of the cell. This negatively 
charged layer of carbohydrate moieties is collectively 
called the glycocalyx. It participates in cell-cell inter- 
actions, cell-ligand interactions, and the immune re- 
sponse. 

TMP13 p. 14; see also Chapter 35 
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10. H) Acid lipases, along with other acid hydrolases, are 
localized to lysosomes. Fusion of endocytotic and au- 
tolytic vesicles with lysosomes initiates the intracellu- 
lar process that allows cells to digest cellular debris and 
particles ingested from the extracellular milieu, includ- 
ing bacteria. In the normal acidic environment of the 
lysosome, acid lipases use hydrogen to convert lipids 
into fatty acids and glycerol. Other acid lipases include 
a variety of nucleases, proteases, and polysaccharide- 
hydrolyzing enzymes. 

TMP13 pp. 15-16 

11. E) Secreted proteins are condensed, sorted, and pack- 
aged into secretory vesicles in the terminal portions of 
the Golgi apparatus, also known as the trans-Golgi net- 
work. It is here that proteins destined for secretion are 
separated from those destined for intracellular com- 
partments or cellular membranes. 

TMP13 p. 15 

12. I) Initiation of translation, whether of a cytosolic pro- 
tein, a membrane-bound protein, or a secreted protein, 
occurs in the cytosol and involves a common pool of ri- 
bosomes. Only after the appearance of the N-terminus 
of the polypeptide is it identified as a protein destined 
for secretion. At this point, the ribosome attaches to 
the cytosolic surface of the rough endoplasmic reticu- 
lum. Translation continues, and the new polypeptide is 
extruded into the matrix of the endoplasmic reticulum. 

TMP13 pp. 33-34 

13. B) All transcription events occur in the nucleus, re- 
gardless of the final destination of the protein product. 
The resulting messenger RNA molecule is transported 
through the nuclear pores in the nuclear membrane 
and translated into either the cytosol or the lumen of 
the rough endoplasmic reticulum. 

TMP13 pp. 30-31 

14. A) Autophagy is a housekeeping process by which 
obsolete organelles and large protein aggregates are 
degraded and recycled (see figure at right). Worn-out 
cell organelles are transferred to lysosomes by double 
membrane structures called autophagosomes that are 
formed in the cytosol. 

TMP13 p. 20 






Vesicle Breakdown and Degradation 



Vesicle 

Nucleation 



Isolation membrane 



Lysosomal 

hydrolase 



Autosome 

Formation 
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Lysosome 
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Fusion with 
Lysosome 



Autolysosome 



15. E) Proteins and lipids are formed on the ER and then 
passed on to the Golgi apparatus, where they are fur- 
ther processed before being released into the cyto- 
plasm, where they can be used in the cell or secreted. 
The ER does not secrete proteins and lipids from the 
cell. The ER also provides enzymes that control glyco- 
gen breakdown and help to detoxify substances such as 
drugs that could damage the cell. 

TMP13 pp. 14-15 
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16. A) Helicase is one of the many proteins involved in the 
process of DNA replication. It does not play a role in 
transcription. RNA polymerase binds to the promot- 
er sequence and facilitates the addition of "activated” 
RNA molecules to the growing RNA molecule until the 
polymerase reaches the chain-terminating sequence 
on the template DNA molecule. 

TMP13 pp. 30-31 

17. A) Both pinocytosis and phagocytosis involve move- 
ment of the plasma membrane. Pinocytosis involves 
invagination of the cell membrane, whereas phago- 
cytosis involves evagination. Both events require the 
recruitment of actin and other cytoskeleton elements. 
Phagocytosis is not spontaneous and is selective, being 
triggered by specific receptor-ligand interactions. 

TMP13 pp. 19-20 

18. A) An oncogene is a gene that is either abnormally ac- 
tivated or mutated in such a way that its product causes 
uncontrolled cell growth. A proto-oncogene is simply the 
"normal” version of an oncogene. By definition, proto- 
oncogenes are divided into several families of proteins, 
all of which participate in the control of cell growth. 
These families include, but are not limited to, growth 
factors and their receptors, protein kinases, transcription 
factors, and proteins that regulate cell proliferation. 

TMP13 pp. 41-42 

19. C) Inactivation of anti-oncogenes, also called tumor 
suppressor genes, can allow activation of oncogenes 
that lead to cancer. All the other statements are correct. 

TMP13 pp. 40-41 

20. B) Positive feedback in a system generally promotes 
instability, rather than stability, and in some cases even 
death. For this reason, positive feedback is often called 
a "vicious cycle.” However, in some instances, posi- 
tive feedback can be useful. One example is the nerve 
action potential where stimulation of the nerve mem- 
brane causes a slight leakage of sodium that causes 
more opening of sodium channels, more change of po- 
tential, and more opening of channels until an explo- 
sion of sodium entering the interior of the nerve fiber 
creates the action potential. Feed-forward control is 
used to apprise the brain whether a muscle movement 
is performed correctly. If not, the brain corrects the 
feed-forward signals that it sends to the muscles the 
next time the movement is required. This mechanism 
is often called adaptive control. 

TMP13 pp. 8-10 
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21. A) The feedback gain of the control system is calculated 
as the amount of correction divided by the remaining 
error of the system. In this example, blood pressure in- 
creased from 100 to 150 mm Hg when the baroreceptors 
were not functioning. When the baroreceptors were 
functioning, the pressure increased only 25 mm Hg. 
Therefore, the feedback system caused a "correction” of 
-25 mm Hg, from 150 to 125 mm Hg. The remaining 
increase in pressure of +25 mm is called the "error.” In 
this example the correction is therefore -25 mm Hg and 
the remaining error is +25 mm Hg. Thus, the feedback 
gain of the baroreceptors in this person is -1, indicating 
a negative feedback control system. 

TMP13 pp. 8-9 

22. B) Mitochondria are often called the “powerhouses” of 
the cell and contain oxidative enzymes that permit oxi- 
dation of the nutrients, thereby forming carbon dioxide 
and water and at the same time releasing energy. The 
liberated energy is used to synthesize “high-energy” 
ATP. 

TMP13 pp. 16-17 




23. A) mRNA molecules are long, single RNA strands that 
are suspended in the cytoplasm and are composed of 
several hundred to several thousand RNA nucleotides 
in unpaired strands. The mRNA carries the genetic 
code to the cytoplasm for controlling the type of protein 
formed. The transfer RNA transports activated amino 
acids to the ribosomes. Ribosomal RNA, along with 
about 75 different proteins, forms ribosomes. MiRNAs 
are single-stranded RNA molecules of 21 to 23 nucleo- 
tides that regulate gene transcription and translation. 

TMP13 pp. 31-32 



24. D) During both replication and transcription, the new 
nucleic acid molecule is an exact complement of the 
parent DNA molecule as a result of predictable, spe- 
cific, one-to-one base pairing. During the process of 
translation, however, each amino acid in the new poly- 
peptide is encoded by a codon— a series of three con- 
secutive nucleotides. Whereas each codon encodes a 
specific amino acid, most amino acids can be encoded 
for by multiple codons. Redundancy results because 60 
codons encode a mere 20 amino acids. 

TMP13 pp. 31-32 
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UNIT 



Membrane Physiology, Nerve, and Muscle 



1. Simple diffusion and facilitated diffusion share which 
of the following characteristics? 

A) Can be blocked by specific inhibitors 

B) Do not require adenosine triphosphate (ATP) 

C) Require transport protein 

D) Saturation kinetics 

E) Transport solute against concentration gradient 

2. What is the osmolarity of a solution containing 10 
millimolar NaCl, 5 millimolar I<C1, and 10 millimolar 
CaCl 2 (in mOsm/L)? 

A) 20 

B) 40 

C) 60 

D) 80 

E) 100 

Questions 3-6 

Intracellular (mM) Extracellular (mM) 

140 K+ 5 K + 

12 Na + 145 Na + 

5 Ch 125 Cl- 

0.0001 Ca ++ 5 Ca ++ 

The table above shows the concentrations of four ions 
across the plasma membrane of a hypothetical cell. Use this 
table to answer Questions 3-6. 

3. Which of the following best describes the equilibrium 
potential for Cl" (in millivolts)? 

A) 0 

B) 170 

C) -170 

D) 85 

E) -85 

4. Which of the following best describes the equilibrium 
potential for I< + (in millivolts)? 

A) 0 

B) 176 

C) -176 

D) 88 

E) -88 



5. The net driving force is greatest for which ion when the 
membrane potential of this cell is -85 millivolts? 

A) Ca ++ 

B) Cl- 

C) I< + 

D) Na + 

6. If this cell were permeable only to I< + , what would be 
the effect of reducing the extracellular I< + concentra- 
tion from 5 to 2.5 millimolar? 

A) 19 millivolts depolarization 

B) 19 millivolts hyperpolarization 

C) 38 millivolts depolarization 

D) 38 millivolts hyperpolarization 

E) 29 millivolts depolarization 

F) 29 millivolts hyperpolarization 

7. Which of the following best describes the changes in 
cell volume that will occur when red blood cells (pre- 
viously equilibrated in a 280-milliosmolar solution of 
NaCl) are placed in a solution of 140-millimolar NaCl 
containing 20-millimolar urea, a relatively large but 
permeant molecule? 

A) Shrink, then swell and lyse 

B) Shrink, then return to original volume 

C) Swell and lyse 

D) Swell, then return to original volume 

E) No change in cell volume 

8. A clinical study is conducted to determine the actions 
of an unknown test solution on red blood cell volume. 
One milliliter of heparinized human blood is pipetted 
into 100 milliliters of test solution and mixed. Samples 
are taken and analyzed immediately before and at 
1-second intervals after mixing. The results show that 
red blood cells placed into the test solution immedi- 
ately swell and burst. Which of the following best de- 
scribes the tonicity and osmolarity of the test solution? 

A) Hypertonic; could be hyperosmotic, hypo-osmotic, 
or iso-osmotic 

B) Hypertonic; must be hyperosmotic or hypo-osmotic 

C) Hypertonic; must be iso-osmotic 

D) Hypotonic; could be hyperosmotic, hypo-osmotic, 
or iso-osmotic 

E) Hypotonic; must be hyperosmotic or hypo-osmotic 

F) Hypotonic; must be iso-osmotic 
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9. A single contraction of skeletal muscle is most likely to 

be terminated by which of the following actions? 

A) Closure of the postsynaptic nicotinic acetylcholine 
receptor 

B) Removal of acetylcholine from the neuromuscular 
junction 

C) Removal of Ca ++ from the terminal of the motor 
neuron 

D) Removal of sarcoplasmic Ca ++ 

E) Return of the dihydropyridine receptor to its rest- 
ing conformation 

K + Na + 




10. A model cell with three different transporters (X, Y, and 
Z) and a resting membrane potential of -75 millivolts 
is shown in the above figure. Consider the intracellular 
and extracellular concentrations of all three ions to be 
typical of a normal cell. Which of the following best 
describes transporter Y? 

A) Facilitated diffusion 

B) Primary active transport 

C) Secondary active transport 

D) Simple diffusion 



X 


Y 


O O 


o o 


O O 


0^0 
o o 


O 0 


o 


o o 


o o 
o o 


\^o o 


o o y 



X Y X Y X 




11. Which of the following best describes an attribute of 
visceral smooth muscle not shared by skeletal muscle? 

A) Contraction is ATP dependent 

B) Contracts in response to stretch 

C) Does not contain actin filaments 

D) High rate of cross-bridge cycling 

E) Low maximal force of contraction 

12. The resting potential of a myelinated nerve fiber is 
primarily dependent on the concentration gradient of 
which of the following ions? 

A) Ca ++ 

B) Cl- 

C) hco 3 - 

D) I< + 

E) Na + 

13. Calmodulin is most closely related, both structurally 
and functionally, to which of the following proteins? 

A) G-actin 

B) Myosin light chain 

C) Tropomyosin 

D) Troponin C 

14. In the figure below, two compartments (X and Y) are 
separated by a typical biological membrane (lipid bilay- 
er). The concentrations of glucose in compartments X 
and Y at time zero are shown. There are no transport- 
ers for glucose in the membrane, and the membrane 
is impermeable to glucose. Which of the figures best 
represent the volumes of compartments X and Y when 
the system reaches equilibrium? 

A) A 

B) B 

C) C 

D) D 

E) E 



Y X Y X Y 





0 
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V 
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15. During a demonstration for medical students, a neurol- 
ogist uses magnetic cortical stimulation to trigger firing 
of the ulnar nerve in a volunteer. At relatively low- am- 
plitude stimulation, action potentials are recorded only 
from muscle fibers in the index finger. As the amplitude 
of the stimulation is increased, action potentials are re- 
corded from muscle fibers in both the index finger and 
the biceps muscle. What is the fundamental principle 
underlying this amplitude-dependent response? 

A) Large motor neurons that innervate large motor 
units require a larger depolarizing stimulus 

B) Recruitment of multiple motor units requires a 
larger depolarizing stimulus 

C) The biceps muscle is innervated by more motor 
neurons 

D) The motor units in the biceps are smaller than 
those in the muscles of the fingers 

E) The muscles in the fingers are innervated only by 
the ulnar nerve 

16. A neurotransmitter activates its receptor on an ion 
channel of a neuron, which causes the water-filled 
channel to open. Once the channel is open, ions move 
through the channel down their respective electro- 
chemical gradients. A change in membrane potential 
follows. Which of the following best describes the type 
of channel and mechanism of ion transport? 





Type of Channel 


Mechanism of Transport 


A) 


Ligand gated 


Facilitated diffusion 


B) 


Ligand gated 


Simple diffusion 


C) 


Ligand gated 


Secondary active transport 


D) 


Voltage gated 


Facilitated diffusion 


E) 


Voltage gated 


Simple diffusion 


F) 


Voltage gated 


Secondary active transport 


17. 


A 55-year-old woman 


has a serum potassium of 6.1 




mEq/L (normal: 3. 5-5.0 mEq/L) and a serum sodium 
of 150 mEq/L (normal: 135-147 mEq/L). Which of the 
following sets of changes best describe the K + Nernst 
potential and resting membrane potential in a typical 




neuron in this woman 


compared to normal? (Assume 




normal intracellular ion concentrations.) 




K + Nernst Potential 


Resting Membrane Potential 


A) 


Less negative 


Less negative 


B) 


Less negative 


No change 


C) 


Less negative 


More negative 


D) 


More negative 


Less negative 


E) 


More negative 


More negative 


F) 


More negative 


No change 


G) 


No change 


Less negative 


H) 


No change 


More negative 


I) 


No change 


No change 



Unit II Membrane Physiology, Nerve, and Muscle 

18. Which of the following decreases in length during the 
contraction of a skeletal muscle fiber? 



A) 

B) 

C) 

D) 

E) 



A band of the sarcomere 
I band of the sarcomere 
Thick filaments 
Thin filaments 
Z disks of the sarcomere 




E q _ = -75 millivolts 
E r+ = +75 millivolts 
E s+ = -85 millivolts 



19. Equilibrium potentials for three unknown ions are 
shown in the above figure. Note that ions S and R 
are positively charged and that ion Q is negatively 
charged. Assume that the cell membrane is perme- 
able to all three ions and that the cell has a resting 
membrane potential of -90 millivolts. Which of the 
following best describes the net movement of the 
various ions across the cell membrane by passive dif- 
fusion? 



Q R S 



A) 


Inward 


Inward 


Inward 


B) 


Inward 


Inward 


Outward 


C) 


Inward 


Outward 


Inward 


D) 


Inward 


Outward 


Outward 


E) 


Outward 


Inward 


Inward 


F) 


Outward 


Inward 


Outward 


G) 


Outward 


Inward 


Outward 


20. 


Tetanic contraction of 


a skeletal muscle fiber results 



from a cumulative increase in the intracellular concen- 
tration of which of the following? 

A) ATP 

B) Ca ++ 

C) I< + 

D) Na + 

E) Troponin 

21. Weight lifting can result in a dramatic increase in skel- 
etal muscle mass. This increase in muscle mass is pri- 
marily attributable to which of the following? 

A) Fusion of sarcomeres between adjacent myofibrils 

B) Hypertrophy of individual muscle fibers 

C) Increase in skeletal muscle blood supply 

D) Increase in the number of motor neurons 

E) Increase in the number of neuromuscular junctions 
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22. Which of the following transport mechanisms is not 
rate limited by an intrinsic V max ? 

A) Facilitated diffusion via carrier proteins 

B) Primary active transport via carrier proteins 

C) Secondary co-transport 

D) Secondary counter-transport 

E) Simple diffusion through protein channels 

A i 

E3 | | 

C = 

D | | 

E 



23. Five hypothetical nerve axons are shown in the above 
figure. Axons A and B are myelinated, whereas axons 
C, D, and E are non-myelinated. Which axon is most 
likely to have the fastest conduction velocity for an 
action potential? 

A) A 

B) B 

C) C 

D) D 

E) E 

Questions 24 and 25 




25. Which of the following is primarily responsible for the 
change in membrane potential between points D and E? 

A) Inhibition of the Na + , I< + -ATPase 

B) Movement of I< + into the cell 

C) Movement of I< + out of the cell 

D) Movement of Na + into the cell 

E) Movement of Na + out of the cell 

26. The axon of a neuron is stimulated experimentally with 
a 25-millivolt pulse, which initiates an action potential 
with a velocity of 50 meters per second. The axon is 
then stimulated with a 100-millivolt pulse. What is the 
action potential velocity after the 100-millivolt stimu- 
lation pulse (in meters per second)? 

A) 25 

B) 50 

C) 100 

D) 150 

E) 200 

27. The delayed onset and prolonged duration of smooth 
muscle contraction, as well as the greater force gener- 
ated by smooth muscle compared with skeletal muscle, 
are all consequences of which of the following? 

A) Greater amount of myosin filaments present in 
smooth muscle 

B) Higher energy requirement of smooth muscle 

C) Physical arrangement of actin and myosin filaments 

D) Slower cycling rate of the smooth muscle myosin 
cross-bridges 

E) Slower uptake of Ca ++ ions after contraction 

28. An experimental drug is being tested as a potential ther- 
apeutic treatment for asthma. Preclinical studies have 
shown that this drug induces the relaxation of cultured 
porcine tracheal smooth muscle cells precontracted 
with acetylcholine. Which of the following mechanisms 
of action is most likely to induce this effect? 

A) Decreased affinity of troponin C for Ca ++ 

B) Decreased plasma membrane I< + permeability 

C) Increased plasma membrane Na + permeability 

D) Inhibition of the sarcoplasmic reticulum Ca ++ - 
ATPase 

E) Stimulation of adenylate cyclase 



The above figure shows the change in membrane potential 
during an action potential in a giant squid axon. Refer to it 
when answering Questions 24 and 25. 

24. Which of the following is primarily responsible for the 
change in membrane potential between points B and D? 

A) Inhibition of the Na + , I< + -ATPase 

B) Movement of I< + into the cell 

C) Movement of I< + out of the cell 

D) Movement of Na + into the cell 

E) Movement of Na + out of the cell 
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Questions 29 and 30 




The above figure illustrates the single isometric twitch char- 
acteristics of two skeletal muscles, A and B, in response to 
a depolarizing stimulus. Refer to it when answering Ques- 
tions 29 and 30. 

29. Which of the following best describes muscle B com- 
pared with muscle A? 

A) Adapted for rapid contraction 

B) Composed of larger muscle fibers 

C) Fewer mitochondria 

D) Innervated by smaller nerve fibers 

E) Less extensive blood supply 

30. The delay between the termination of the transient de- 
polarization of the muscle membrane and the onset of 
muscle contraction observed in both muscles A and B 
reflects the time necessary for which of the following 
events to occur? 

A) ADP to be released from the myosin head 

B) ATP to be synthesized 

C) Ca ++ to accumulate in the sarcoplasm 

D) G-actin to polymerize into F-actin 

E) Myosin head to complete one cross-bridge cycle 

Questions 31-33 

A 55-year-old woman visits her physician because of dou- 
ble vision, eyelid droop, difficulty chewing and swallowing, 
and general weakness in her limbs. All these symptoms 
worsen with exercise and occur more frequently late in the 
day. The physician suspects myasthenia gravis and orders 
a Tensilon test. The test is positive. Use this information 
when answering Questions 31-33. 



Unit II Membrane Physiology, Nerve, and Muscle 

31. The increased muscle strength observed during the 
Tensilon test is due to an increase in which of the fol- 
lowing? 



A) 

B) 

C) 

D) 



Amount of acetylcholine (ACh) released from the 
motor nerves 

Levels of ACh at the muscle end plates 
Number of ACh receptors on the muscle end plates 
Synthesis of norepinephrine 




32. What is the most likely basis for the symptoms de- 
scribed in this patient? 

A) Autoimmune response 

B) Botulinum toxicity 

C) Depletion of voltage-gated Ca ++ channels in certain 
motor neurons 

D) Development of macro motor units after recovery 
from poliomyelitis 

E) Overexertion 



33. Which of the following drugs would likely alleviate this 
patient’s symptoms? 

A) Atropine 

B) Botulinum toxin antiserum 

C) Curare 

D) Halo thane 

E) Neostigmine 




Force 



34. The figure above shows a relationship between con- 
traction velocity and force for five different skeletal 
muscles. Which of the following muscles (A-E) is most 
likely to correspond to muscle number 1 on the figure 
shown? (Assume that all muscles shown are at their 
normal resting lengths.) 



A 

B 

C 

D 

E 



c > 

cr 
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Questions 35-37 




Length 



The above figure illustrates the isometric length-tension rela- 
tionship in a representative intact skeletal muscle. Match the 
descriptions in Questions 35-37 to one of the points on the 
figure. 

35. So-called "active” or contraction-dependent tension 

36. The muscle length at which active tension is maximal 

37. The contribution of noncontractile muscle elements to 
total tension 

38. Smooth muscle contraction is terminated by which of 
the following? 

A) Dephosphorylation of myosin kinase 

B) Dephosphorylation of myosin light chain 

C) Efflux of Ca ++ ions across the plasma membrane 

D) Inhibition of myosin phosphatase 

E) Uptake of Ca ++ ions into the sarcoplasmic reticulum 

Questions 39-41 

A 56-year-old man sees a neurologist because of weak- 
ness in his legs that improves over the course of the day 
or with exercise. Extracellular electrical recordings from 
a single skeletal muscle fiber reveal normal miniature end 
plate potentials. Low-frequency electrical stimulation of 
the motor neuron, however, elicits an abnormally small 
depolarization of the muscle fibers. The amplitude of the 
depolarization is increased after exercise. Use this informa- 
tion to answer Questions 39-41. 

39. Based on these findings, which of the following is the 
most likely cause of this patient’s leg weakness? 

A) Acetylcholinesterase deficiency 

B) Blockade of postsynaptic acetylcholine receptors 

C) Impaired presynaptic voltage-sensitive Ca ++ influx 

D) Inhibition of Ca ++ re-uptake into the sarcoplasmic 
reticulum 

E) Reduced acetylcholine synthesis 



40. A preliminary diagnosis is confirmed by the presence 
of which of the following? 

A) Antibodies against the acetylcholine receptor 

B) Antibodies against the voltage-sensitive Ca ++ channel 

C) Mutation in the gene that codes for the ryanodine 
receptor 

D) Relatively few vesicles in the presynaptic terminal 

E) Residual acetylcholine in the neuromuscular junction 

41. The molecular mechanism underlying these symptoms 
is most similar to which of the following? 

A) Acetylcholine 

B) Botulinum toxin 

C) Curare 

D) Neostigmine 

E) Tetrodotoxin 

Questions 42-44 




Match each of the descriptions in Questions 42-44 to one 
of the points of the nerve action potential shown in the 
above figure. 

42. Point at which the membrane potential (V m ) is closest 
to the Na + equilibrium potential 

43. Point at which the driving force for Na + is the greatest 

44. Point at which the ratio of K + permeability to Na + per- 
meability (Pr/Pne) is the greatest 

45. A physiology experiment is conducted in which a mo- 
toneuron that normally innervates a predominantly 
fast type II muscle is anastomosed to a predominantly 
slow type I muscle. Which of the following is most 
likely to decrease in the type I muscle after the transin- 
nervation surgery? 

A) Fiber diameter 

B) Glycolytic activity 

C) Maximum contraction velocity 

D) Mitochondrial content 

E) Myosin ATPase activity 
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membranes 

46. In the experiment illustrated in part A of the above 
figure, equal volumes of solutions X, Y, and Z are placed 
into the compartments of the two U-shaped vessels 
shown. The two compartments of each vessel are sepa- 
rated by semipermeable membranes (i.e., impermeable 
to ions and large polar molecules). Part B illustrates the 
fluid distribution across the membranes at equilibra- 
tion. Assuming complete dissociation, identify each of 
the solutions shown. 





Solution X 


Solution Y 


Solution Z 


A) 


1 M CaCl 2 


1 M NaCl 


1 M glucose 


B) 


1 M glucose 


1 M NaCl 


1 M CaCl 2 


C) 


1 M NaCl 


2 M glucose 


3 M CaCl 2 


D) 


2 M NaCl 


1 M NaCl 


Pure water 


E) 


Pure water 


1 M CaCl 2 


2 M glucose 



Questions 47 and 48 




Concentration of transported molecule 
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Questions 49 and 50 





49. Trace A in the above figure represents a typical action 
potential recorded under control conditions from a 
normal nerve cell in response to a depolarizing stimu- 
lus. Which of the following perturbations would ex- 
plain the conversion of the response shown in trace A 
to the action potential shown in trace B? 

A) Blockade of voltage-sensitive Na + channels 

B) Blockade of voltage-sensitive I< + channels 

C) Blockade of Na-K “leak” channels 

D) Replacement of the voltage-sensitive I< + channels 
with “slow” Ca ++ channels 

E) Replacement of the voltage-sensitive Na + channels 
with “slow” Ca ++ channels 

50. Which of the following perturbations would account 
for the failure of the same stimulus to elicit an action 
potential in trace C? 

A) Blockade of voltage-sensitive Na + channels 

B) Blockade of voltage-sensitive I< + channels 

C) Blockade of Na-K “leak” channels 

D) Replacement of the voltage-sensitive I< + channels 
with “slow” Ca ++ channels 

E) Replacement of the voltage-sensitive Na + channels 
with “slow” Ca ++ channels 



47. Trace A best describes the kinetics of which event? 

A) Movement of C0 2 across the plasma membrane 

B) Movement of 0 2 across a lipid bilayer 

C) Na + flux through an open nicotinic acetylcholine 
receptor channel 

D) Transport of I< + into a muscle cell 

E) Voltage-dependent movement of Ca ++ into the ter- 
minal of a motor neuron 

48. Trace B best describes the kinetics of which of the fol- 
lowing events? 

A) Na + -dependent transport of glucose into an epithe- 
lial cell 

B) Transport of Ca ++ into the sarcoplasmic reticulum 
of a smooth muscle cell 

C) Transport of I< + into a muscle cell 

D) Transport of Na + out of a nerve cell 

E) Transport of 0 2 across an artificial lipid bilayer 



51. A 17-year-old soccer player sustained a fracture to the left 
tibia. After her lower leg has been in a cast for 8 weeks, 
she is surprised to find that the left gastrocnemius muscle 
is significantly smaller in circumference than it was be- 
fore the fracture. What is the most likely explanation? 

A) Decrease in the number of individual muscle fibers 
in the left gastrocnemius 

B) Decrease in blood flow to the muscle caused by 
constriction from the cast 

C) Temporary reduction in actin and myosin protein 
synthesis 

D) Increase in glycolytic activity in the affected muscle 

E) Progressive denervation 
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52. Smooth muscle that exhibits rhythmical contraction in 
the absence of external stimuli also necessarily exhibits 
which of the following? 

A) “Slow” voltage- sensitive Ca ++ channels 

B) Intrinsic pacemaker wave activity 

C) Higher resting cytosolic Ca ++ concentration 

D) Hyperpolarized membrane potential 

E) Action potentials with “plateaus” 

Questions 53-57 

A) Simple diffusion 

B) Facilitated diffusion 

C) Primary active transport 

D) Co-transport 

E) Counter-transport 

Match each of the processes described in Questions 53-57 
with the correct type of transport listed above. Answers 
may be used more than once. 

53. Ouabain-sensitive transport of Na + ions from the cyto- 
sol to the extracellular fluid 

54. Glucose uptake into skeletal muscle 

55. Na + -dependent transport of Ca ++ from the cytosol to 
the extracellular fluid 

56. Transport of glucose from the intestinal lumen into an 
intestinal epithelial cell 

57. Movement of Na + ions into a nerve cell during the up- 
stroke of an action potential 




59. If the intracellular concentration of a membrane- 
permeant substance doubles from 10 to 20 millimolar 
and the extracellular concentration remains at 5 mil- 
limolar, the rate of diffusion of that substance across 
the plasma membrane will increase by a factor of how 
much? 

A) 2 

B) 3 

C) 4 

D) 5 

E) 6 

60. An apparently healthy 15-year-old boy dies during a 
minor surgical procedure while under general anesthe- 
sia. The boy’s grandfather had also died during a surgi- 
cal procedure. A clinical assessment team determines 
that the child had malignant hyperthermia (MH). MH 
is an inherited disease in which triggering agents, such 
as certain anesthetics, stimulate calcium release from 
storage sites in muscle, leading to elevated concentra- 
tions of myoplasmic calcium. The MH crisis is most 
likely to be associated with which of the following? 

A) Decreased anaerobic metabolism 

B) Decreased C0 2 production by muscles 

C) Decreased lactic acid production by muscles 

D) Defective calsequestrin 

E) Defective dihydropyridine receptors 

F) Defective ryanodine receptors 

61. A 24-year-old woman is admitted as an emergency to 
University Hospital after an automobile accident in which 
severe lacerations to the left wrist severed a major muscle 
tendon. The severed ends of the tendon were overlapped 
by 6 cm to facilitate suturing and reattachment. Which of 
the following would be expected after 6 weeks compared 
with the preinjured muscle? Assume that series growth 
of sarcomeres cannot be completed within 6 weeks. 

Passive Tension Maximal Active Tension 



A) 


Decrease 


Decrease 


B) 


Decrease 


Increase 


C) 


Increase 


Increase 


D) 


Increase 


Decrease 


E) 


No change 


No change 



58. Traces A, B, and C in the above figure summarize the 
changes in membrane potential (V m ) and the underly- 
ing membrane permeabilities (P) that occur in a nerve 
cell over the course of an action potential. Choose the 
combination below that identifies each of the traces. 

Trace A Trace B Trace C 

Pr V m ?Na 

Px^Na V m Pk 

P N a V m P K 

v m Pk PNa 

V m P N a Pr 



A) 

B) 

C) 

D) 

E) 
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62. The length-tension diagram above was obtained from 
a skeletal muscle with equal numbers of red and white 
fibers. Supramaximal tetanic stimuli were used to ini- 
tiate an isometric contraction at each muscle length 
studied. The resting length was 20 cm. What is the 
maximum amount of active tension that the muscle is 
capable of generating at a preload of 100 grams? 

A) 145 to 155 grams 

B) 25 to 35 grams 

C) 55 to 65 grams 

D) 95 to 105 grams 

E) Cannot be determined 

63. The sensitivity of the smooth muscle contractile appa- 
ratus to calcium is known to increase in the steady state 
under normal conditions. This increase in calcium sen- 
sitivity can be attributed to a decrease in the levels of 
which of the following substances? 

A) Actin 

B) Adenosine triphosphate (ATP) 

C) Calcium-calmodulin complex 

D) Calmodulin 

E) Myosin light chain phosphatase (MLCP) 

64. Which of the following best describes the correct tem- 
poral order of events for skeletal muscle? 

First Second Third 



A) 

B) 

C) 

D) 

E) 

F) 



Muscle action 
potential 
Muscle action 
potential 
Muscle 
contraction 
Muscle 
contraction 
Nerve action 
potential 
Nerve action 
potential 



Muscle 
contraction 
Nerve action 
potential 
Muscle action 
potential 
Nerve action 
potential 
Muscle action 
potential 
Muscle 
contraction 



Nerve action 
potential 
Muscle 
contraction 
Nerve action 
potential 
Muscle action 
potential 
Muscle 
contraction 
Muscle action 
potential 
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65. Which of the following best describes a physiological 
difference between the contraction of smooth muscle 
compared with the contraction of cardiac muscle and 
skeletal muscle? 



A) Ca ++ independent 

B) Does not require an action potential 

C) Requires more energy 

D) Shorter in duration 





66. The above figure shows the force-velocity relationship 
for isotonic contractions of skeletal muscle. The dif- 
ferences in the three curves result from differences in 
which of the following? 

A) Frequency of muscle contraction 

B) Hypertrophy 

C) Muscle mass 

D) Myosin ATPase activity 

E) Recruitment of motor units 

67. A 12-year-old boy presents with a 4-month history of 
diminished vision and diplopia. He also experiences 
tiredness toward the end of the day. He has no other 
symptoms. On examination, the patient has ptosis of 
the left eye that improves after a period of sleep. Clini- 
cal examination is otherwise normal. No evidence of 
weakness of any other muscles is found. Additional 
testing indicates the presence of anti- acetylcholine an- 
tibodies in the plasma, a normal thyroid function test, 
and a normal computed tomography scan of the brain 
and orbit. What is the initial diagnosis? 

A) Astrocytoma 

B) Graves’ disease 

C) Hashimoto’s thyroiditis 

D) Juvenile myasthenia gravis 

E) Multiple sclerosis 
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ANSWERS 



1 . B) In contrast to primary and secondary active transport, 
neither facilitated diffusion nor simple diffusion requires 
additional energy and, therefore, can work in the absence 
of ATR Only facilitated diffusion displays saturation ki- 
netics and involves a carrier protein. By definition, nei- 
ther simple nor facilitated diffusion can move molecules 
from low to high concentration. The concept of specific 
inhibitors is not applicable to simple diffusion that occurs 
through a lipid bilayer without the aid of protein. 

TMP13 p. 47 

2. E) A 1-millimolar solution has an osmolarity of 1 millios- 
mole when the solute molecule does not dissociate. How- 
ever, NaCl and KC1 both dissociate into two molecules, 
and CaCl 2 dissociates into three molecules. Therefore, 
10-millimolar NaCl has an osmolarity of 20 milliosmoles, 
5-millimolar I<C1 has an osmolarity of 10 milliosmoles, 
and 10-millimolar CaCl 2 has an osmolarity of 30 millios- 
moles. These figures add up to 60 milliosmoles. 

TMP13 p. 54 

3. E) The equilibrium potential for chloride (E c f) can 
be calculated using the Nernst equation as follows: 
E c f (in millivolts) = +61 x log (Q/C 0 ), where Q is the 
intracellular concentration and C 0 is the extracellular 
concentration. Hence, E c f = +61 x log (5/125) = -85 
millivolts. 

TMP13 pp. 52-53 

4. E) The equilibrium potential for potassium (E K + ) can 
be calculated using the Nernst equation as follows: E K + 
(in millivolts) = -61 X log (Q/C 0 ). In this problem, E K + 
= -61 x log (140/5) = -88 millivolts. 

TMP13 pp. 52-53 

5. A) The net driving force on any ion is the difference 
in millivolts between the membrane potential (V m ) 
and the equilibrium potential for that ion (E ion ). In this 
cell, E K + = -88 millivolts, E c f = -85 millivolts, E Na + = 
+66 millivolts, and E Ca ++ = +145 millivolts. Therefore, 
Ca ++ is the ion with the equilibrium potential farthest 
from V m . This means that Ca ++ would have the great- 
est tendency to cross the membrane and enter the cell 
through an open channel in this hypothetical cell. 

TMP13 pp. 52-53 

6. B) If a membrane is permeable to only a single ion, V m 
is equal to the equilibrium potential for that ion. In this 
hypothetical cell, E K = -88 millivolts. If the extracel- 
lular K + concentration is reduced by half, E K = 61 x log 
(2.5/140) = -107 millivolts, which is a hyperpolariza- 
tion of 19 millivolts. 

TMP13 p. 53 



7. B) A solution of 140-millimolar NaCl has an osmolar- 
ity of 280 milliosmoles, which is iso-osmotic relative 
to “normal” intracellular osmolarity. If red blood cells 
were placed in 140-millimolar NaCl alone, no change 
in cell volume would occur because intracellular and 
extracellular osmolarities would be equal. The presence 
of 20-millimolar urea, however, increases the solution’s 
osmolarity and makes it hypertonic relative to the in- 
tracellular solution. Water will initially move out of the 
cell, but because the plasma membrane is permeable 
to urea, urea will diffuse into the cell and equilibrate 
across the plasma membrane. As a result, water will 
re-enter the cell, and the cell will return to its original 
volume. 

TMP13 p. 54 

8. D) Tonicity and osmolarity are different. Osmolar- 
ity is merely another measure of solute concentra- 
tion. Tonicity depends on the cell membrane and the 
solute and is determined by the behavior of the cells. 
The fact that red blood cells placed into the test solu- 
tion gained volume (swelled) indicates that the test 
solution is hypotonic. The solution would be consid- 
ered isotonic had the cells neither swelled nor shrank 
and would be considered hypertonic had cell volume 
decreased. In contrast, the osmolarity of the test so- 
lution cannot be determined by the behavior of the 
cells. Permeant molecules such as urea can easily per- 
meate the cell membrane, causing its concentration to 
become equal on both sides of the membrane, which 
means that placing cells into a solution containing 
urea (but no other solute) has an effect similar to plac- 
ing cells into pure water. In other words, the cells will 
swell and burst regardless of whether the concentra- 
tion of urea (or other permeant molecule) is less than 
that of a red blood cell (hypo-osmotic), the same as 
a red blood cell (iso-osmotic), or greater than a red 
blood cell (hyperosmotic). 

TMP13 p. 54 

9. D) Skeletal muscle contraction is tightly regulated by 
the concentration of Ca ++ in the sarcoplasm. As long 
as sarcoplasmic Ca ++ is sufficiently high, none of the 
remaining events — removal of acetylcholine from the 
neuromuscular junction, removal of Ca ++ from the pre- 
synaptic terminal, closure of the acetylcholine receptor 
channel, and return of the dihydropyridine receptor to 
its resting conformation — would have any effect on the 
contractile state of the muscle. 

TMP13 p. 94 
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10. C) In a normal cell of the body, intracellular concen- 
trations of sodium, calcium, and chloride are less than 
the extracellular concentrations, whereas potassium 
has a higher intracellular concentration compared 
with its extracellular concentration. The figure shows 
that transporter Y moves sodium down its concentra- 
tion gradient into the cell and moves calcium against 
its concentration gradient out of the cell. The energy 
required to move calcium ions against their concentra- 
tion gradient is supplied by the sodium concentration 
gradient (which was established using ATP) and is a 
typical example of secondary active transport. Trans- 
porter X in the figure moves both potassium and so- 
dium against their concentration gradients, which is 
primary active transport and requires use of ATP at the 
pump. Transporter Z suggests that chloride can move 
in either direction across the cell membrane but only 
by simple diffusion through the water-filled membrane 
channel. 

TMP13 pp. 57-58 

11. B) An important characteristic of visceral smooth 
muscle is its ability to contract in response to stretch. 
Stretch results in depolarization and potentially the 
generation of action potentials. These action poten- 
tials, coupled with normal slow-wave potentials, stim- 
ulate rhythmical contractions. Like skeletal muscle, 
smooth muscle contraction is dependent on both actin 
and ATP. However, the cross-bridge cycle in smooth 
muscle is considerably slower than in skeletal muscle, 
which allows for a higher maximal force of contraction. 

TMP13 p. 99 

12. D) The resting potential of any cell is dependent on the 
concentration gradients of the permeant ions and their 
relative permeabilities (Goldman equation). In the my- 
elinated nerve fiber, as in most cells, the resting mem- 
brane is predominantly permeable to I< + . The negative 
membrane potential observed in most cells (including 
nerve cells) is due primarily to the relatively high intra- 
cellular concentration and high permeability of I< + . 

TMP13 pp. 62-63 

13. D) In smooth muscle, the binding of four Ca ++ ions 
to the protein calmodulin permits the interaction of 
the Ca ++ -calmodulin complex with myosin light chain 
kinase. This interaction activates myosin light chain 
kinase, resulting in the phosphorylation of the myo- 
sin light chains and, ultimately, muscle contraction. In 
skeletal muscle, the activating Ca ++ signal is received 
by the protein troponin C. Like calmodulin, each mol- 
ecule of troponin C can bind with up to four Ca ++ 
ions. Binding results in a conformational change in 
the troponin C protein that dislodges the tropomyo- 
sin molecule and exposes the active sites on the actin 
filament. 

TMP13 p. 99 



14. B) The nonpermeant molecule glucose cannot move 
through the biological membrane in either direction. 
Because side Y in the figure has a greater initial con- 
centration of glucose molecules compared with side X, 
water will move down its concentration gradient by os- 
mosis from side X to side Y, which will cause a decrease 
in the volume of side X and an increase in the volume 
of side Y. The total volume of sides X and Y will not 
change, which excludes answers D and E. 

TMP13 pp. 52, 54 

15. A) Muscle fibers involved in fine motor control are 
generally innervated by small motor neurons with 
relatively small motor units, including those that in- 
nervate single fibers. These neurons fire in response to 
a smaller depolarizing stimulus compared with motor 
neurons with larger motor units. As a result, during 
weak contractions, increases in muscle contraction can 
occur in small steps, allowing for fine motor control. 
This concept is called the size principle. 

TMP13 p. 85 

16. B) A neurotransmitter is considered to be a ligand, so 
when a neurotransmitter binds to its receptor on an 
ion channel, causing the channel to open, the channel 
is said to be ligand gated; voltage-gated channels open 
and close in response to changes in electrical potential 
across the cell membrane. The mechanism of transport 
through all water-filled channels is simple diffusion. 
Secondary active transport, primary active transport, 
and facilitated diffusion require special transport pro- 
teins rather than water-filled channels in the mem- 
brane. 

TMP13 pp. 49-50 

17. A) Recall that the Nernst potential of an ion can be cal- 
culated as follows: E ion (in millivolts) = ± 61 x log (in- 
tracellular concentration/extracellular concentration). 
In the case of potassium, the intracellular concentra- 
tion is relatively high, the extracellular concentration is 
relatively low, and the Nernst potential (also called the 
equilibrium potential) for potassium normally averages 
about -90 millivolts in a typical neuron. An increase in 
extracellular potassium concentration (with no change 
in intracellular concentration) would cause the potassi- 
um Nernst potential to become less negative, according 
to the Nernst equation. The resting membrane potential 
therefore would also become less negative because this 
is dictated by the potassium Nernst potential in normal 
cells of the body. The sodium extracellular concentration 
is elevated in this problem, which would cause the sodi- 
um Nernst potential to increase above its typical normal 
value of +61 millivolts; however, the Nernst potential of 
sodium has relatively little impact on resting membrane 
compared with potassium because the membrane per- 
meability to sodium is about 100 times lower compared 
with potassium. 

TMP13 pp. 53, 63-64 
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18. B) The physical lengths of the actin and myosin fila- 
ments do not change during contraction. Therefore, 
the A band, which is composed of myosin filaments, 
does not change either. The distance between Z disks 
decreases, but the Z disks themselves do not change. 
Only the I band decreases in length as the muscle con- 
tracts. 

TMP13 p. 78 

19. E) The equilibrium potential of an ion (also called 
the Nernst potential) is the membrane potential at 
which there is no net movement of that ion across 
the cell membrane. The various ions (Q, R, and S) 
will move across the cell membrane in the direction 
required to reach their individual equilibrium po- 
tentials given the resting membrane potential of -90 
millivolts. Negatively charged Q ions must move out 
of the cell (outward) to achieve an equilibrium po- 
tential of -75 millivolts (i.e., negatively charged ions 
must be removed from the cell to cause the mem- 
brane potential to change from a resting value of -90 
millivolts to a value of -75 millivolts). Because the 
positively charged R ion has an equilibrium poten- 
tial of +75 millivolts, the R ion must move into the 
cell to cause the membrane potential to change from 
-90 millivolts to +75 millivolts. Ion S is a positively 
charged ion with an equilibrium potential of -85 mV; 
this ion must move into the cell (inward) to cause the 
membrane potential to change from -90 millivolts to 
-85 millivolts. 

TMP13 pp. 52-53 

20. B) Muscle contraction is dependent on an elevation 
of intracellular Ca ++ concentration. As the twitch fre- 
quency increases, the initiation of a subsequent twitch 
can occur before the previous twitch has subsided. As 
a result, the amplitude of the individual twitches is 
summed. At very high twitch frequencies, the muscle 
exhibits tetanic contraction. Under these conditions, 
intracellular Ca ++ accumulates and supports sustained 
maximal contraction. 

TMP13 p. 85 

21. B) Prolonged or repeated maximal contraction results 
in a concomitant increase in the synthesis of contrac- 
tile proteins and an increase in muscle mass. This in- 
crease in mass, or hypertrophy, is observed at the level 
of individual muscle fibers. 

TMP13 p. 87 

22. E) Facilitated diffusion and both primary and second- 
ary active transport all involve protein transporters or 
carriers that must undergo some rate-limited confor- 
mational change. The rate of simple diffusion is linear 
with solute concentration. 

TMP13 p. 48 

23. B) The velocity of an action potential increases in pro- 
portion to the diameter of the axon for both myelinated 



and non-myelinated axons. Myelination increases the 
velocity of an action potential by several orders of mag- 
nitude more compared with the effect of an increase 
in axon diameter, which means that a large myelinated 
axon has the highest velocity of conduction. Therefore, 
even though unmyelinated axon E has the greatest di- 
ameter, myelinated axon B can conduct an action poten- 
tial at a much greater velocity. 

TMP13 pp. 71-72 

24. D) At point B in this action potential, V m has reached 
threshold potential and has triggered the opening of 
voltage-gated Na + channels. The resulting Na + influx is 
responsible for the rapid, self-perpetuating depolariza- 
tion phase of the action potential. 

TMP13 p. 67 

25. C) The rapid depolarization phase is terminated at 
point D by the inactivation of the voltage-gated Na + 
channels and the opening of the voltage-gated I< + 
channels. The latter results in the efflux of I< + from the 
cytosol into the extracellular fluid and repolarization of 
the cell membrane. 

TMP13 p. 67 

26. C) The velocity of an action potential is a function of 
the physical characteristics of the axon (e.g., myelina- 
tion, axon diameter). A given axon will always conduct 
any action potential at the same velocity under normal 
conditions. Therefore, stimulation of the axon with 
a 25-millivolt pulse or 100 millivolts will produce an 
action potential with the same velocity, which is why 
action potentials are said to be “all or none.” However, 
the level of stimulation must be sufficient to achieve 
a critical threshold level of potential before an action 
potential can be initiated in an axon. 

TMP13 p. 69 

27. D) The slower cycling rate of the cross-bridges in 
smooth muscle means that a higher percentage of pos- 
sible cross-bridges is active at any point in time. The 
more active cross-bridges there are, the greater the 
force that is generated. Although the relatively slow 
cycling rate means that it takes longer for the myosin 
head to attach to the actin filament, it also means that 
the myosin head remains attached longer, prolonging 
muscle contraction. Because of the slow cross-bridge 
cycling rate, smooth muscle actually requires less en- 
ergy to maintain a contraction compared with skeletal 
muscle. 

TMP13 p. 99 

28. E) The stimulation of either adenylate or guanylate 
cyclase induces smooth muscle relaxation. The cyclic 
nucleotides produced by these enzymes stimulate cyclic 
adenosine monophosphate- and cyclic guanosine mo- 
nophosphate-dependent kinases, respectively. These 
kinases phosphorylate, among other things, enzymes 
that remove Ca ++ from the cytosol, and in doing so they 
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inhibit contraction. In contrast, either a decrease in I< + 
permeability or an increase in Na + permeability results 
in membrane depolarization and contraction. Likewise, 
inhibition of the sarcoplasmic reticulum Ca ++ -ATPase, 
one of the enzymes activated by cyclic nucleotide-de- 
pendent kinases, would also favor muscle contraction. 
Smooth muscle does not express troponin. 

TMP13 p. 104 

29. D) Muscle B is characteristic of a slow-twitch muscle 
(type 1) composed of predominantly slow-twitch mus- 
cle fibers. These fibers are smaller in size and are inner- 
vated by smaller nerve fibers. They typically have a more 
extensive blood supply, a greater number of mitochon- 
dria, and large amounts of myoglobin, all of which sup- 
port high levels of oxidative phosphorylation. 

TMP13 p. 84 

30. C) Muscle contraction is triggered by an increase in 
sarcoplasmic Ca ++ concentration. The delay between 
the termination of the depolarizing pulse and the onset 
of muscle contraction, also called the “lag,” reflects the 
time necessary for the depolarizing pulse to be trans- 
lated into an increase in sarcoplasmic Ca ++ concentra- 
tion. This process involves a conformational change 
in the voltage-sensing, or dihydropyridine receptor, 
located on the T tubule membrane, along with the 
subsequent conformational change in the ryanodine 
receptor on the sarcoplasmic reticulum and the release 
of Ca ++ from the sarcoplasmic reticulum. 

TMP13 pp. 93-94 

31. B) Myasthenia gravis is an autoimmune disease in 
which antibodies damage postsynaptic nicotinic ace- 
tylcholine receptors. This damage prevents the firing 
of an action potential in the postsynaptic membrane. 
Tensilon is a readily reversible acetylcholinesterase in- 
hibitor that increases acetylcholine levels in the neuro- 
muscular junction, thereby increasing the strength of 
muscle contraction. 

TMP13 p. 93 

32. A) Myasthenia gravis is an autoimmune disease char- 
acterized by the presence of anti-acetylcholine recep- 
tor antibodies in the plasma. Overexertion can cause 
junction fatigue, and both a decrease in the density 
of voltage-sensitive Ca ++ channels in the presynaptic 
membrane and botulinum toxicity can cause muscle 
weakness. However, these effects are presynaptic and 
therefore would not be reversed by acetylcholines- 
terase inhibition. Although the macro-motor units 
formed during reinnervation after poliomyelitis com- 
promise the patient’s fine motor control, they do not 
affect muscle strength. 

TMP13 p. 93 

33. E) Neostigmine is an acetylcholinesterase inhibi- 
tor. Administration of this drug would increase the 
amount of ACh present in the synapse and its ability 



to sufficiently depolarize the postsynaptic membrane 
and trigger an action potential. Botulinum toxin an- 
tiserum is effective only against botulinum toxicity. 
Curare blocks the nicotinic ACh receptor and causes 
muscle weakness. Atropine is a muscarinic ACh re- 
ceptor antagonist, and halothane is an anesthetic gas. 
Neither atropine nor halothane has any effect on the 
neuromuscular junction. 

TMP13 p. 93 

34. E) The velocity of muscle shortening is greater in 
type II glycolytic muscles compared with type I oxi- 
dative muscles; however, the student must assume 
that all muscles shown have similar proportions of 
type I and II fibers because this was not stated in the 
problem. Another factor that affects the velocity of 
muscle shortening is muscle length — a longer muscle 
contracts at a faster velocity compared with a shorter 
muscle. Muscle 1 on the figure has the highest veloc- 
ity of contraction, so it must correspond to muscle E 
in the answer choices because muscle E is the longest. 
The diameter of the muscle is immaterial in this prob- 
lem because the maximum velocity of shortening oc- 
curs at a force of 0. 

TMP13 pp. 81-82 

35. B) In this figure, “active” or contraction-dependent 
tension is the difference between total tension (trace A) 
and the passive tension contributed by noncontractile 
elements (trace C). The length-tension relationship in 
intact muscle resembles the biphasic relationship ob- 
served in individual sarcomeres and reflects the same 
physical interactions between actin and myosin fila- 
ments. 

TMP13 p. 81 

36. E) “Active” tension is maximal at normal physiological 
muscle lengths. At this point, there is optimal overlap 
between actin and myosin filaments to support maxi- 
mal cross-bridge formation and tension development. 

TMP13 p. 81 

37. C) Trace C represents the passive tension contributed 
by noncontractile elements, including fascia, tendons, 
and ligaments. This passive tension accounts for an in- 
creasingly large portion of the total tension recorded 
in intact muscle as it is stretched beyond its normal 
length. 

TMP13 p. 81 

38. B) Smooth muscle contraction is regulated by both 
Ca ++ and myosin light chain phosphorylation. When 
the cytosolic Ca ++ concentration decreases after the 
initiation of contraction, myosin kinase becomes in- 
activated. However, cross-bridge formation contin- 
ues, even in the absence of Ca ++ , until the myosin light 
chains are dephosphorylated through the action of 
myosin light chain phosphatase. 

TMP13 p. 100 
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39. C) The normal miniature end-plate potentials indicate 
sufficient synthesis and packaging of ACh and the pres- 
ence and normal function of ACh receptor channels. The 
most likely explanation for this patients symptoms is a 
presynaptic deficiency — in this case, an impairment of 
the voltage-sensitive Ca ++ channels responsible for the 
increase in cytosolic Ca ++ that triggers the release of ACh 
into the synapse. The increase in postsynaptic depolar- 
ization observed after exercise is indicative of an accumu- 
lation of Ca ++ in the presynaptic terminal after multiple 
action potentials have reached the nerve terminal. 

TMP13 p. 91 

40. B) Inhibition of the presynaptic voltage-sensitive Ca ++ 
channels is most consistent with the presence of an- 
tibodies against this channel. Antibodies against the 
ACh receptor, a mutation in the ryanodine receptor, 
and residual ACh in the junction are all indicative of 
postsynaptic defects. Although it is a presynaptic de- 
fect, a deficit of ACh vesicles is unlikely in this sce- 
nario, given the normal miniature end-plate potentials 
recorded in the postsynaptic membrane. 

TMP13 p. 89 

41. B) Botulinum toxin inhibits muscle contraction pre- 
synaptically by decreasing the amount of ACh released 
into the neuromuscular junction. In contrast, curare 
acts postsynaptically, blocking the nicotinic ACh re- 
ceptors and preventing the excitation of the muscle cell 
membrane. Tetrodotoxin blocks voltage-sensitive Na + 
channels, affecting both the initiation and the propa- 
gation of action potentials in the motor neuron. Both 
ACh and neostigmine stimulate muscle contraction. 

TMP13 p. 92 

42. D) During an action potential in a nerve cell, V m ap- 
proaches E Na during the rapid depolarization phase 
when the permeability of the membrane to Na + (P Na ) 
increases relative to its permeability to I< + (P K ). In a 
“typical” cell, E Na is close to 60 millivolts. V m is closest 
to E Na at point D in this figure. At this point, the ratio 
of P Na to P K is the greatest. 

TMP13 p. 67 

43. F) The driving force for Na + is greatest at the point at 
which V m is the farthest from E Na . If E Na is very positive 
(approximately 60 millivolts), V m is farthest from E Na at 
point F, or when the cell is the most hyperpolarized. 

TMP13 p. 67 

44. F) Generally, V m is closest to the equilibrium poten- 
tial of the most permeant ion. In nerve cells, P K » P Na 
at rest. As a result, V m is relatively close to E K . Dur- 
ing the after-potential or the hyperpolarization phase 
of the action potential, the ratio of P K to P Na is even 
greater than it is at rest because of the residual opening 
of voltage-gated I< + channels and the inactivation of the 
voltage-gated Na + channels. P K :P Na is greatest at point 
F, at which point V m comes closest to E K . 

TMP13 p. 67 



45. D) Muscle fibers have significant plasticity, which 
means that their characteristics can change depending 
on the frequency at which they are stimulated. When 
a nerve that innervates a predominantly fast type II 
muscle is anastomosed to a predominantly slow type 
I muscle, the type I muscle is converted to a type II 
muscle. Compared with type I muscle fibers, type II fi- 
bers have a larger diameter, higher glycolytic activity, 
greater maximum velocity of contraction, lower mito- 
chondrial content, and higher myosin ATPase activity. 
Therefore, only mitochondrial content decreases when 
a type I fiber is converted to a type II fiber. 

TMP13 p. 84 

46. B) The redistribution of fluid volume shown in part 
B reflects the net diffusion of water, or osmosis, be- 
cause of differences in the osmolarity of the solu- 
tions on either side of the semipermeable membrane. 
Osmosis occurs from solutions of high water concen- 
tration to low water concentration or from low os- 
molarity to high osmolarity. In part B, osmosis has 
occurred from X to Y and from Y to Z. Therefore, the 
osmolarity of solution Z is higher than that of solu- 
tion Y, and the osmolarity of solution Y is higher than 
that of solution X. 

TMP13 p. 54 

47. D) Trace A reflects the kinetics of a process that is lim- 
ited by an intrinsic V max - Of the choices provided, only 
the transport of I< + , which occurs through the activity 
of the Na + , I< + -ATPase, is the result of an active trans- 
port event. The movement of C0 2 and 0 2 through a 
biological membrane and the movement of Ca ++ and 
Na + through ion channels are all examples of simple 
diffusion. 

TMP13 p. 51 

48. E) Trace B is indicative of a process not limited by an 
intrinsic V max . This excludes active transport and facili- 
tated diffusion. Therefore, of the choices provided, only 
the rate of transport of 0 2 across an artificial lipid bi- 
layer via simple diffusion would be accurately reflected 
by trace B. 

TMP13 p. 51 

49. E) These so-called slow Ca ++ channels have a slower 
inactivation rate, thereby lengthening the time during 
which they are open. This phenomenon, in turn, delays 
the repolarization phase of the action potential, creat- 
ing a "plateau” before the channels inactivate. 

TMP13 p. 67 (see also Chapter 9) 

50. A) In the absence of hyperpolarization, the inability of 
an otherwise excitatory stimulus to initiate an action 
potential is most likely the result of the blockade of the 
voltage-gated channels responsible for the generation 
of the all-or-none depolarization. In nerve cells, these 
channels are the voltage-gated Na + channels. 

TMP13 p. 66 
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51. C) Skeletal muscle continuously remodels in response 
to its level of use. When a muscle is inactive for an ex- 
tended period, the rate of synthesis of the contractile 
proteins in individual muscle fibers decreases, result- 
ing in an overall reduction in muscle mass. This revers- 
ible reduction in muscle mass is called atrophy. 

TMP13 p. 87 

52. B) An intrinsic rhythmical “pacemaker” is necessary 
for a muscle to contract spontaneously and rhythmi- 
cally. Intestinal smooth muscle, for example, exhib- 
its a rhythmical slow-wave potential that transiently 
depolarizes and repolarizes the muscle membrane. 
This slow wave does not stimulate contraction itself, 
but if the amplitude is sufficient, it can trigger one or 
more action potentials that result in Ca ++ influx and 
contraction. Although they are typical of smooth 
muscle, neither “slow” voltage-sensitive Ca ++ chan- 
nels nor action potentials with “plateaus” play a neces- 
sary role in rhythmical contraction. A high resting 
cytosolic Ca ++ concentration would support a sus- 
tained contraction, and hyperpolarization would favor 
relaxation. 

TMP13 p. 104 

53. C) Ouabain inhibits Na + , I< + -ATPase. This ATP-de- 
pendent enzyme transports three Na + ions out of the 
cell for every two I< + ions it transports into the cell. It is 
a classic example of primary active transport. 

TMP13 p. 56 

54. B) Glucose is transported into skeletal muscle cells via 
insulin-dependent facilitated diffusion. 

TMP13 p. 52 (see also Chapter 79) 

55. E) The activity of Na + , I< + -ATPase maintains the rela- 
tively high I< + concentration inside the cell and the 
relatively high Na + concentration in the extracellular 
fluid. This large concentration gradient for Na + across 
the plasma membrane, together with the net negative 
charge on the inside of the cell, continuously drives Na + 
ions from the extracellular fluid into the cytosol. This 
energy is used to transport other molecules, such as 
Ca ++ , against their concentration gradients. Because 
ATP is required to maintain the Na + gradient that 
drives this counter-transport, this type of transport is 
called secondary active transport. 

TMP13 p. 55 

56. D) Much like Na + -Ca ++ counter- transport, the strong 
tendency for Na + to move across the plasma membrane 
into the cytosol can be harnessed by transport proteins 
and used to co-transport molecules against their con- 
centration gradients into the cytosol. An example of 
this type of secondary co-transport is the transport of 
glucose into intestinal epithelial cells. 

TMP13 p. 55 



57. A) During the rapid depolarization phase of a nerve 
action potential, voltage- sensitive Na + channels open 
and allow the influx of Na + ions into the cytosol. Trans- 
port through membrane channels is an example of 
simple diffusion. 

TMP13 pp. 47-48 (see also Chapter 5) 

58. E) Trace A exhibits the characteristic shape of an 
action potential, including the rapid depolarization fol- 
lowed by a rapid repolarization that temporarily over- 
shoots the resting potential. Trace B best illustrates the 
change in P Na that occurs during an action potential. 
The rapid increase in P Na closely parallels the rapid 
depolarization phase of the action potential. Trace C 
best illustrates the slow onset of the increase in P K that 
reflects the opening of the voltage-gated I< + channels. 

TMP13 pp. 67-68 

59. B) Net diffusion of a substance across a permeable 
membrane is proportional to the concentration differ- 
ence of the substance on either side of the membrane. 
Initially, the concentration difference is 5 millimolar 
(10 millimolar - 5 millimolar). When the intracellular 
concentration doubles to 20 millimolar, the concentra- 
tion difference becomes 15 millimolar (20 millimolar - 
5 millimolar). The concentration difference has tripled; 
therefore, the rate of diffusion would also increase by a 
factor of 3. 

TMP13 p. 52 

60. F) In malignant hyperthermia, defective ryanodine 
receptors respond to certain halogenated anesthetics 
by opening their associated calcium channels within 
the muscle fiber and thus causing an increase in rnyo- 
plasmic calcium. This increase in calcium concentra- 
tion causes continuous contraction of the muscles. 
The result is increased body temperature, increased 
anaerobic metabolism, increased C0 2 production, and 
increased lactic acid production. Calsequestrin is a 
protein molecule that binds calcium within the sarco- 
plasmic reticulum of the muscle fiber; it is not affected 
by halogenated anesthetics. In addition, dihydropyri- 
dine receptors are activated by the skeletal muscle fiber 
action potential, but they are not affected by haloge- 
nated anesthetics. 

TMP13 p. 94 

61. D) Stretching the muscle to facilitate reattachment of 
the tendons leads to an increase in passive tension or 
preload. This increase in passive tension increases the 
muscle length beyond its ideal length, which in turn 
leads to a decrease in the maximal active tension that 
can be generated by the muscle. The reason maximal 
active tension decreases is that interdigitation of actin 
and myosin filaments decreases when the muscle is 
stretched; the interdigitation of a muscle is normally 
optimal at its resting length. 

TMP13 p. 81 
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62. C) The figure shows the relationship between preload 
or passive tension (curve Z), total tension (curve X), 
and active tension (curve Y). Active tension cannot be 
measured directly: it is the difference between total 
tension and passive tension. To answer this question, 
the student must first find where 100 grams intersects 
the preload curve (passive tension curve) and then 
move down to the active tension curve. One can see 
that a preload of 100 grams is associated with a total 
tension of a little more than 150 grams and an active 
tension of a little more than 50 grams. Note that ac- 
tive tension equals total tension minus passive ten- 
sion, as previously discussed. Drawing these three 
curves in a manner that is mathematically correct is 
not an easy task. The student should thus recognize 
that active tension may not equal total tension minus 
passive tension at all points on the figure shown here, 
as well as on United States Medical Licensing Exami- 
nation figures. 

TMP13 p. 81 

63. E) Smooth muscle is unique in its ability to generate 
various degrees of tension at a constant concentra- 
tion of intracellular calcium. This change in calcium 
sensitivity of smooth muscle can be attributed to dif- 
ferences in the activity of MLCP. Smooth muscle con- 
tracts when the myosin light chain is phosphorylated 
by the actions of myosin light chain kinase (MLCI<). 
MLCP is a phosphatase that can dephosphorylate the 
myosin light chain, rendering it inactive and there- 
fore attenuating the muscle contraction. Choice A: 
Both actin and myosin are important components of 
the smooth muscle contractile apparatus, much like 
that of skeletal muscle and cardiac muscle, but these 
components do not play a role in calcium sensitivity. 
Choice B: ATP is required for smooth muscle contrac- 
tion. Decreased ATP levels would be expected to de- 
crease the ability of smooth muscle to contract even 
in the face of high calcium levels. Choice C: The cal- 
cium-calmodulin complex binds with MLCK, which 
leads to phosphorylation of the myosin light chain. A 
decrease in the calcium-calmodulin complex should 
attenuate the contraction of smooth muscle. Choice 
D: Again, the binding of calcium ions to calmodulin is 
an initial step in the activation of the smooth muscle 
contractile apparatus. 

TMP13 p. 100 

64. E) An action potential from a motor neuron causes 
ACh to be released from its terminal at the neuro- 
muscular junction. The ACh binds to and opens cat- 
ion channels on the muscle membrane, causing it to 
depolarize. The muscle membrane reaches a threshold 
value, causing voltage gated sodium channels to open, 
and a muscle action potential follows. The muscle ac- 
tion potential leads to contraction of the muscle. 

TMP13 pp. 93-94 



65. B) Smooth muscle can be stimulated to contract with- 
out the generation of an action potential, whereas both 
cardiac muscle and skeletal muscle require an action 
potential. Smooth muscle can contract in response to 
any stimulus that increases the cytosolic Ca ++ concen- 
tration, which includes Ca ++ channel openers, sub- 
threshold depolarization, and a variety of tissue factors 
and circulating hormones that stimulate the release of 
intracellular Ca ++ stores. Smooth muscle contraction 
uses less energy and lasts longer compared with that 
of skeletal muscle and cardiac muscle. Smooth muscle 
contraction is heavily Ca ++ dependent. 

TMP13 pp. 100-101 

66. D) The figure shows that the maximum velocity of 
shortening (V max ) occurs when there is no afterload on 
the muscle (force = 0). Increasing afterload decreas- 
es the velocity of shortening until a point is reached 
where shortening does not occur (isometric contrac- 
tion) and contraction velocity is thus 0 (where curves 
intersect the X-axis). The maximum velocity of short- 
ening is dictated by the ATPase activity of the muscle, 
increasing to high levels when the ATPase activity is 
elevated. Choice A: Increasing the frequency of muscle 
contraction will increase the load that a muscle can lift 
within the limits of the muscle, but it will not affect the 
velocity of contraction. Choices B, C, and E: Muscle hy- 
pertrophy, increasing muscle mass, and recruiting ad- 
ditional motor units will increase the maximum load 
that a muscle can lift, but they will not affect the maxi- 
mum velocity of contraction. 

TMP13 p. 81 

67. D) Myasthenia gravis is an acquired autoimmune dis- 
ease causing skeletal muscle fatigue and weakness. The 
disease is associated with (caused by) IgG antibodies 
to ACh receptors at postsynaptic membranes of neu- 
romuscular junctions. The major symptom is muscle 
weakness, which gets worse with activity. Patients 
often feel well in the morning but become weaker as 
the day goes on. The muscle weakness usually causes 
symptoms of double vision (diplopia) and drooping 
eyelids (ptosis). The presence of anti-ACh antibodies 
in the plasma is specific for myasthenia gravis and thus 
rules out the other answer choices. In addition, the 
normal computed tomography scan of the brain and 
orbit specifically rules out the possibility of an astro- 
cytoma (choice A)— that is, a brain tumor— that could 
compress cranial nerves. Double vision commonly oc- 
curs in Graves’ disease (choice B), but the thyroid test 
was normal (which also rules out Hashimoto’s thyroid- 
itis, choice C). Multiple sclerosis (choice E) is com- 
monly associated with a spastic weakness of the legs, 
but again, the presence of anti-ACh antibodies is spe- 
cific for myasthenia gravis. 

TMP13 p. 92 
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UNIT 



The Heart 



Questions 1-4 

A 60-year-old woman has a resting heart rate of 70 beats 
per minute, arterial pressure of 130/85 mm Hg, and normal 
body temperature. Use the pressure-volume diagram of her 
left ventricle below to answer Questions 1-4. 




1. What is her cardiac output in milliliters per minute? 

A) 2000 

B) 3000 

C) 4000 

D) 6000 

E) 7000 

2. When does the first heart sound occur in the ventricu- 
lar pressure-volume relationship? 

A) At point B 

B) Between point A and point B 

C) Between point B and point C 

D) Between point C and point D 

E) Between point D and point A 



3. When does the fourth heart sound occur in the ven- 
tricular pressure-volume relationship? 

A) At point D 

B) Between point A and point B 

C) Between point B and point C 

D) Between point C and point D 

E) Between point D and point A 

4. What is her ventricular ejection fraction? 

A) 33% 

B) 50% 

C) 60% 

D) 67% 

E) 80% 

5. Which statement about cardiac muscle is most accurate? 

A) The T-tubules of cardiac muscle can store much 
less calcium than the T-tubules in skeletal muscle 

B) The strength and contraction of cardiac muscle de- 
pends on the amount of calcium surrounding cardiac 
myocytes 

C) In cardiac muscle, the initiation of the action poten- 
tial causes an immediate opening of slow calcium 
channels 

D) Cardiac muscle repolarization is caused by opening 
of sodium channels 

E) Mucopolysaccharides inside the T-tubules bind 
chloride ions 

6. A 30-year-old man has an ejection fraction of 0.25 and 
an end-systolic volume of 150 milliliters. What is his 
end-diastolic volume? 

A) 50 milliliters 

B) 100 milliliters 

C) 125 milliliters 

D) 200 milliliters 

E) 250 milliliters 

7. In a resting adult, the typical ventricular ejection frac- 
tion has what value? 



A) 


20% 


B) 


30% 


C) 


40% 


D) 


60% 


E) 


80% 
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8. In which phase of the ventricular muscle action poten- 
tial is the potassium permeability the highest? 

A) 0 

B) 1 

C) 2 

D) 3 

E) 4 

9. A 60-year-old man’s ECG shows that he has an R-R 
interval of 1.5 seconds at rest. Which statement best 
explains his condition? 

A) He has fever 

B) He has a normal heart rate 

C) He has decreased parasympathetic stimulation of 
the S-A node 

D) He is a trained athlete at rest 

E) He has normal polarization of the S-A node 

10. Which of the following is most likely to cause the heart 
to go into spastic contraction? 

A) Increased body temperature 

B) Increased sympathetic activity 

C) Decreased extracellular fluid potassium ions 

D) Excess extracellular fluid potassium ions 

E) Excess extracellular fluid calcium ions 

11. What happens at the end of ventricular isovolumic re- 
laxation? 

A) The A-V valves close 

B) The aortic valve opens 

C) The aortic valve closes 

D) The mitral valve opens 

E) The pulmonary valve closes 

12. Which event is associated with the first heart sound? 

A) Closing of the aortic valve 

B) Inrushing of blood into the ventricles during diastole 

C) Beginning of diastole 

D) Opening of the A-V valves 

E) Closing of the A-V valves 

13. Which condition will result in a dilated, flaccid heart? 

A) Excess calcium ions in the blood 

B) Excess potassium ions in the blood 

C) Excess sodium ions in the blood 

D) Increased sympathetic stimulation 

E) Increased norepinephrine concentration in the 
blood 

14. A 25-year-old well-conditioned athlete weighs 
80 kilograms (176 pounds). During maximal sympa- 
thetic stimulation, what is the plateau level of his car- 
diac output function curve? 

A) 3 liters per minute 

B) 5 liters per minute 

C) 10 liters per minute 

D) 13 liters per minute 

E) 25 liters per minute 



15. Which phase of the cardiac cycle follows immediately 
after the beginning of the QRS wave? 

A) Isovolumic relaxation 

B) Ventricular ejection 

C) Atrial systole 

D) Diastasis 

E) Isovolumic contraction 

16. Which of the following structures will have the slowest 
rate of conduction of the cardiac action potential? 

A) Atrial muscle 

B) Anterior internodal pathway 

C) A-V bundle fibers 

D) Purkinje fibers 

E) Ventricular muscle 

17. What is the normal total delay of the cardiac impulse in 
the A-V node + bundle? 

A) 0.22 second 

B) 0.18 second 

C) 0.16 second 

D) 0.13 second 

E) 0.09 second 

18. Sympathetic stimulation of the heart does which of the 
following? 

A) Releases acetylcholine at the sympathetic endings 

B) Decreases sinus nodal discharge rate 

C) Decreases excitability of the heart 

D) Releases norepinephrine at the sympathetic endings 

E) Decreases cardiac contractility 

19. If the S-A node discharges at 0.00 seconds, when will 
the action potential normally arrive at the epicardial 
surface at the base of the left ventricle? 

A) 0.22 second 

B) 0.18 second 

C) 0.16 second 

D) 0.12 second 

E) 0.09 second 

20. Which condition at the A-V node will cause a decrease 
in heart rate? 

A) Increased sodium permeability 

B) Decreased acetylcholine levels 

C) Increased norepinephrine levels 

D) Increased potassium permeability 

E) Increased calcium permeability 

21. Which statement best explains how sympathetic stim- 
ulation affects the heart? 

A) The permeability of the S-A node to sodium decreases 

B) The permeability of the A-V node to sodium decreases 

C) The permeability of the S-A node to potassium 
increases 

D) There is an increased rate of upward drift of the 
resting membrane potential of the S-A node 

E) The permeability of the cardiac muscle to calcium 
decreases 
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22. What is the membrane potential (threshold level) at 
which the S-A node discharges? 

A) -40 millivolt 

B) -55 millivolt 

C) -65 millivolt 

D) -85 millivolt 

E) -105 millivolt 

23. Which condition at the S-A node will cause heart rate 
to decrease? 

A) Increased norepinephrine level 

B) Increased sodium permeability 

C) Increased calcium permeability 

D) Increased potassium permeability 

E) Decreased acetylcholine level 

24. In which phase of the ventricular muscle action poten- 
tial is the sodium permeability the highest? 

A) 0 

B) 1 

C) 2 

D) 3 

E) 4 

25. If the S-A node discharges at 0.00 seconds, when will 
the action potential normally arrive at the A-V bundle 
(bundle of His)? 

A) 0.22 second 

B) 0.18 second 

C) 0.16 second 

D) 0.12 second 

E) 0.09 second 

26. If the Purkinje fibers, situated distal to the A-V junc- 
tion, become the pacemaker of the heart, what is the 
expected heart rate? 

A) 30/min 

B) 50/min 

C) 60/min 

D) 70/min 

E) 80/min 

27. If the S-A node discharges at 0.00 seconds, when will 
the action potential normally arrive at the A-V node? 

A) 0.03 second 

B) 0.09 second 

C) 0.12 second 

D) 0.16 second 

E) 0.80 second 



28. What is the delay between the S-A node discharge and 
arrival of the action potential at the ventricular sep- 
tum? 

A) 0.80 second 

B) 0.16 second 

C) 0.12 second 

D) 0.09 second 

E) 0.03 second 

29. A patient had an ECG at the local emergency depart- 
ment. The attending physician stated that the patient 
had an A-V nodal rhythm. What is the likely heart rate? 

A) 30/min 

B) 50/min 

C) 65/min 

D) 75/min 

E) 85/min 




30. Which condition at the A-V node will cause a decrease 
in heart rate? 

A) Increased sodium permeability 

B) Decreased acetylcholine level 

C) Increased norepinephrine level 

D) Increased potassium permeability 

E) Increased calcium permeability 

31. When recording lead aVL on an ECG, which is the pos- 
itive electrode? 

A) Left arm 

B) Left leg 

C) Right leg 

D) Left arm + left leg 

E) Right arm + left leg 

32. When recording lead II on an ECG, the right arm is the 
negative electrode and the positive electrode is the 

A) Left arm 

B) Left leg 

C) Right leg 

D) Left arm + left leg 

E) Right arm + left leg 

33. Sympathetic stimulation of the heart normally causes 
which condition? 

A) Acetylcholine release at the sympathetic endings 

B) Decreased heart rate 

C) Decreased rate of conduction of the cardiac im- 
pulse 

D) Decreased force of contraction of the atria 

E) Increased force of contraction of the ventricles 
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Questions 34 and 35 

A 70-year-old woman had an ECG at her annual checkup. Use 
her lead II recording below to answer Questions 34 and 35. 



Atria Ventricles 




Time (sec) 



34. What is her heart rate in beats per minute? 

A) 70 

B) 78 

C) 84 

D) 94 

E) 104 

35. According to Einthoven’s law, if the QRS voltage in lead 
III is 0.4 millivolt, what is the QRS voltage in lead I? 

A) 0.05 millivolt 

B) 0.50 millivolt 

C) 1.05 millivolts 

D) 1.25 millivolts 

E) 2.05 millivolts 

36. What is the normal QT interval? 

A) 0.03 second 

B) 0.13 second 

C) 0.16 second 

D) 0.20 second 

E) 0.35 second 

37. When recording lead II on an ECG, the negative elec- 
trode is the 

A) Right arm 

B) Left leg 

C) Right leg 

D) Left arm + left leg 

E) Right arm + left leg 

38. When recording lead I on an ECG, the right arm is the 
negative electrode and the positive electrode is the 



A) 


Left arm 




B) 


Left leg 




C) 


Right leg 




D) 


Left arm + 


left leg 


E) 


Right arm 


+ left leg 



39. A 65-year-old man had an ECG at a local emergency 
department after a biking accident. His weight was 
80 kilograms (176 pounds), and his aortic blood pressure 
was 160/90 mm Hg. The QRS voltage was 0.5 millivolt 
in lead I and 1.5 millivolts in lead III. What is the QRS 
voltage in lead II? 

A) 0.5 millivolt 

B) 1.0 millivolt 

C) 1.5 millivolts 

D) 2.0 millivolts 

E) 2.5 millivolts 

40. A ventricular depolarization wave, when traveling -60 
degrees in the frontal plane, will cause a large negative 
deflection in which lead? 



A) 


aVR 


B) 


aVL 


C) 


Lead II 


D) 


Lead III 


E) 


aVF 



Questions 41-43 

A 60-year-old woman had an ECG recorded at a local 
emergency department after an automobile accident. Her 
weight was 70 kilograms (154 pounds), and her aortic 
blood pressure was 140/80 mm Hg. Use this information 
and the figure below to answer Questions 41-43. 
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41. What is the mean electrical axis calculated from stan- 
dard leads I, II, and III shown in the woman’s ECG? 

A) -90 degrees 

B) -50 degrees 

C) -12 degrees 

D) +100 degrees 

E) +170 degrees 

42. What is the heart rate using lead I for the calculation? 

A) 70 

B) 88 

C) 100 

D) 112 

E) 148 

43. What is her likely diagnosis? 

A) Tricuspid valve stenosis 

B) Left bundle branch block 

C) Pulmonary valve stenosis 

D) Pulmonary valve insufficiency 

E) Aortic insufficiency 

44. Which condition will usually result in left axis devia- 
tion in an ECG? 

A) Systemic hypertension 

B) Pulmonary valve stenosis 

C) Pulmonary valve regurgitation 

D) Rightward angulation of the heart 

E) Pulmonary hypertension 

45. A ventricular depolarization wave, when traveling 
60 degrees in the frontal plane, will cause a large positive 
deflection in which of the following leads? 

A) aVR 

B) aVL 

C) Lead I 

D) Lead II 

E) aVF 



Questions 46 and 47 

A 50-year-old woman was admitted to a local emergency 
department after a motorcycle accident. The following 
ECG was obtained. 




46. What is her heart rate? Use lead I for the calculation. 

A) 56 

B) 66 

C) 76 

D) 103 

E) 152 

47. What type of murmur is present in this patient? 

A) Aortic valve insufficiency 

B) Left bundle branch block 

C) Pulmonary valve stenosis 

D) Right bundle branch block 

E) Systemic hypertension 



C 

Z 




48. Mr. Smith had an ECG at a local hospital, but his records 
were lost. The ECG technician remembered that the 
QRS deflection was large and positive in lead II and 0 in 
aVL. What is his mean electrical axis in the frontal plane? 



A) 90 degrees 

B) 60 degrees 

C) 0 degree 

D) -60 degrees 

E) -90 degrees 






49. A 70-year-old woman came to a hospital emergency de- 
partment because she was experiencing chest pain. Based 
on the ECG shown above, what is the likely diagnosis? 

A) Acute anterior infarction in the left ventricle of the 
heart 

B) Acute anterior infarction in the right ventricle of 
the heart 

C) Acute posterior infarction in the left ventricle of 
the heart 

D) Acute posterior infarction in the right ventricle of 
the heart 

E) Right ventricular hypertrophy 

50. A 55-year-old man underwent an ECG at an annual 
physical, and his net deflection (R wave minus Q or S 
wave) in standard limb lead I was -1.2 millivolts. Stan- 
dard limb lead II has a net deflection of +1.2 millivolts. 
What is the mean electrical axis of his QRS? 

A) -30 degrees 

B) +30 degrees 

C) +60 degrees 

D) +120 degrees 

E) -120 degrees 
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51. During the T-P interval in an ECG of a patient with 
a damaged cardiac muscle, which of the following is 
true? 

A) The entire ventricle is depolarized 

B) The entire ventricle is depolarized except for the 
damaged cardiac muscle 

C) About half the ventricle is depolarized 

D) The entire ventricle is repolarized 

E) The entire ventricle is repolarized except for the 
damaged cardiac muscle 




52. A 50-year-old man is a new employee at ABC Software. 
The above ECG was recorded during a routine physical 
examination. What is his likely diagnosis? 

A) Chronic systemic hypertension 

B) Chronic pulmonary hypertension 

C) Second-degree heart block 

D) Paroxysmal tachycardia 

E) Tricuspid valve stenosis 

53. A 30-year-old man had an ECG at his physician’s office, 
but his records were lost. The ECG technician remem- 
bered that the QRS deflection was large and positive 
in lead aVF and 0 in lead I. What is the mean electrical 
axis in the frontal plane? 

A) 90 degrees 

B) 60 degrees 

C) 0 degree 

D) -60 degrees 

E) -90 degrees 

54. A 60-year-old woman tires easily. Her ECG shows a 
QRS complex that is positive in the aVF lead and nega- 
tive in standard limb lead I. What is a likely cause of 
this condition? 

A) Chronic systemic hypertension 

B) Pulmonary hypertension 

C) Aortic valve stenosis 

D) Aortic valve regurgitation 




56. A 60-year-old woman came to the hospital emergency 
department and reported chest pain. Based on the ECG 
tracing shown above, what is the most likely diagnosis? 

A) Acute anterior infarction in the base of the heart 

B) Acute anterior infarction in the apex of the heart 

C) Acute posterior infarction in the base of the heart 

D) Acute posterior infarction in the apex of the heart 

E) Right ventricular hypertrophy 

57. A 50-year-old man has been having fainting “spells” for 
about 2 weeks. During the episodes, his ECG shows a 
ventricular rate of 25 beats/min and 100 P waves per 
minute. After about 30 seconds of fainting, a normal 
sinus rhythm recurs. What is his likely diagnosis? 

A) Atrial flutter 

B) First-degree A-V block 

C) Second-degree A-V block 

D) Third-degree A-V block 

E) Stokes-Adams syndrome 

58. An 80-year-old man had an ECG taken at his local 
doctor’s office, and the diagnosis was atrial fibrillation. 
Which condition is likely in someone with atrial fibril- 
lation? 

A) Ventricular fibrillation, which normally accompa- 
nies atrial fibrillation 

B) Strong P waves on the ECG 

C) An irregular and fast rate of ventricular contraction 

D) A normal atrial “a” wave 

E) A smaller atrial volume than normal 

59. Circus movements in the ventricle can lead to ventricu- 
lar fibrillation. Which condition in the ventricular mus- 
cle will increase the tendency for circus movements? 

A) Decreased refractory period 

B) Low extracellular potassium concentration 

C) Increased refractory period 

D) Shorter conduction pathway (decreased ventricular 
volume) 

E) Increase in parasympathetic impulses to the heart 



55. A 65-year-old patient with a heart murmur has a mean 
QRS axis of 120 degrees, and the QRS complex lasts 
0.18 second. What is the likely diagnosis? 

A) Aortic valve stenosis 

B) Aortic valve regurgitation 

C) Pulmonary valve stenosis 

D) Right bundle branch block 

E) Left bundle branch block 



60. A 50-year-old man has a blood pressure of 140/85 mm 
Hg and weighs 90.7 kilograms (200 pounds). He reports 
that he is not feeling well, his ECG has no P waves, he 
has a heart rate of 46 beats/min, and the QRS com- 
plexes occur regularly. What is his likely condition? 

A) First-degree heart block 

B) Second-degree heart block 

C) Third-degree heart block 

D) Sinoatrial heart block 

E) Sinus bradycardia 
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61. The following ECG tracing was obtained for a 60-year- 
old man who weighs 99.8 kilograms (220 pounds). 
Standard lead II is shown above. What is his diagnosis? 

A) A-V nodal rhythm 

B) First-degree A-V heart block 

C) Second-degree A-V heart block 

D) Third-degree A-V heart block 

E) Atrial flutter 




62. A 35-year-old woman had unusual sensations in her 

chest after she smoked a cigarette. Her ECG tracing is 

shown above. What is the likely diagnosis? 

A) Premature contraction originating in the atrium 

B) Premature contraction originating high in the A-V 
node 

C) Premature contraction originating low in the A-V 
node 

D) Premature contraction originating in the apex of 
the ventricle 

E) Premature contraction originating in the base of 
the ventricle 

Questions 63 and 64 

A 55-year-old man had the below ECG tracing recorded 
at his doctor’s office at a routine physical examination. Use 
this tracing to answer Questions 63 and 64. 




63. What is his diagnosis? 

A) Normal ECG 

B) Atrial flutter 

C) A high A-V junctional pacemaker 

D) A middle A-V junctional pacemaker 

E) A low A-V junctional pacemaker 



64. What is his ventricular heart rate in beats/min? 

A) 37.5 

B) 60 

C) 75 

D) 100 

E) 150 

65. What decreases the risk of ventricular fibrillation? 

A) A dilated heart 

B) An increased ventricular refractory period 

C) Decreased electrical conduction velocity 

D) Exposure of the heart to 60-cycle alternating current 

E) Epinephrine administration 




66. Which of the following will usually result in an inverted 

P wave that occurs after the QRS complex? 

A) Premature contraction originating in the atrium 

B) Premature contraction originating high in the A-V 
junction 

C) Premature contraction originating in the middle of 
the A-V junction 

D) Premature contraction originating low in the A-V 
junction 

E) Atrial fibrillation 




67. A 65-year-old woman who had a myocardial infarction 
10 days ago returned to her family physician’s office 
and reported that her pulse rate felt rapid. Based on the 
above ECG tracing, what is the likely diagnosis? 

A) Stokes-Adams syndrome 

B) Atrial fibrillation 

C) A-V nodal tachycardia 

D) Atrial paroxysmal tachycardia 

E) Ventricular paroxysmal tachycardia 



Dropped beat 
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68. A 65-year-old man had the above ECG tracing re- 
corded at his annual physical examination. What is the 
likely diagnosis? 

A) Atrial paroxysmal tachycardia 

B) First-degree A-V block 

C) Second-degree A-V block 

D) Third-degree A-V block 

E) Atrial flutter 
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69. A 60-year-old woman has been diagnosed with atrial 
fibrillation. Which statement best describes this con- 
dition? 

A) The ventricular rate of contraction is 140 beats/min 

B) The P waves of the ECG are pronounced 

C) Ventricular contractions occur at regular intervals 

D) The QRS waves are more pronounced than normal 

E) The atria are smaller than normal 

70. What occurs after electrical shock of the heart with a 
60-cycle alternating current? 

A) A normal arterial pressure 

B) A decreased ventricular refractory period 

C) Increased electrical conduction velocity 

D) A shortened conduction pathway around the heart 

E) Normal cardiac output 

71. A 55-year-old man has been diagnosed with Stokes- 
Adams syndrome. Two minutes after the syndrome 
starts to cause active blockade of the cardiac im- 
pulse, which of the following is the pacemaker of the 
heart? 

A) Sinus node 

B) A-V node 

C) Purkinje fibers 

D) Cardiac septum 

E) Left atrium 

Questions 72 and 73 

A man had a myocardial infarction at age 55 years. He is 
now 63 years old. Use the standard limb lead I tracing on 
his ECG shown below to answer Questions 72 and 73. 




72. What is his heart rate? 

A) 40 beats/min 

B) 50 beats/min 

C) 75 beats/min 

D) 100 beats/min 

E) 150 beats/min 

73. What is his current diagnosis? 



74. Which statement best describes a patient with prema- 
ture atrial contraction? 

A) The pulse taken from the radial artery immediately 
after the premature contraction will be weak 

B) Stroke volume immediately after the premature 
contraction will be increased 

C) The P wave is never seen 

D) The probability of these premature contractions 
occurring is decreased in people with a large caf- 
feine intake 

E) It causes the QRS interval to be lengthened 

75. If the origin of the stimulus that causes atrial paroxys- 
mal tachycardia is near the A-V node, which statement 
about the P wave in standard limb lead I is most accu- 
rate? 

A) The P wave will originate in the sinus node 

B) The P wave will be upright 

C) The P wave will be inverted 

D) The P wave will be missing 




76. A 45-year-old man had the above ECG recorded at his 
annual physical. What is the likely diagnosis? 

A) Atrial paroxysmal tachycardia 

B) First-degree A-V block 

C) Second-degree A-V block 

D) Ventricular paroxysmal tachycardia 

E) Atrial flutter 




77. A 60-year-old woman sees her physician for her annual 
physical examination. The physician ordered an ECG, 
which is shown above. What is the likely diagnosis? 

A) First-degree A-V block 

B) Second-degree A-V block 

C) Third-degree A-V block 

D) Atrial paroxysmal tachycardia 

E) Atrial fibrillation 



A) Sinus tachycardia 

B) First-degree heart block 

C) Second-degree heart block 

D) ST segment depression 

E) Third-degree heart block 
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Questions 78 and 79 

An 80-year-old man went to his family physician for his 
annual checkup. Use the ECG tracing shown below to 
answer Questions 78 and 79. 




A) 105 

B) 95 

C) 85 

D) 75 

E) 37 



79. What is the likely diagnosis? 

A) Left bundle branch block 

B) First-degree A-V block 

C) Second-degree A-V block 

D) Electrical alternans 

E) Complete A-V block 
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ANSWERS 



1. E) This patient has a heart rate of 70 beats per minute. 
The cardiac output can be determined by using the fol- 
lowing formula: cardiac output = heart rate x stroke 
volume. The stroke volume can be determined from 
the figure, which is the volume change during the C-D 
segment, or 100 milliliters. By using this formula, you 
can determine that the cardiac output is 7000 millili- 
ters per minute. 

TMP13 p. 118 



7. D) The typical ejection fraction is 60%, and lower val- 
ues are indicative of a weakened heart. 

TMP13 p. 115 

8. D) During phase 3 of the ventricular muscle action 
potential, the potassium permeability of ventricular 
muscle greatly increases, which causes a more negative 
membrane potential. 

TMP13 p. 113 




2. A) During the diastolic filling phase, the mitral and tri- 
cuspid valves open and blood flows into the ventricles. 
At point B the isovolumic contraction phase begins, 
which closes the A-V valves. The closing of these valves 
causes the first heart sound. 

TMP13 p. 114 

3. B) Between points A and B is the period of ventricular 
filling. The vibration of the ventricular walls makes this 
sound after atrial contraction forces more blood into 
the ventricles. 

TMP13 p. 114 

4. D) The ejection fraction is the stroke volume/end- 
diastolic volume. Stroke volume is 100 milliliters, and the 
end-systolic volume at point D is 150 milliliters. Thus, 
the ejection fraction is 0.667, or in terms of percentage, 
66.7%. 

TMP13 p. 118 

5. B) The cardiac muscle stores much more calcium in 
its tubular system than does skeletal muscle and is 
much more dependent on extracellular calcium than is 
the skeletal muscle. An abundance of calcium is bound 
by the mucopolysaccharides inside the T-tubule. This 
calcium is necessary for contraction of cardiac muscle, 
and its strength of contraction depends on the calcium 
concentration surrounding the cardiac myocytes. At 
the initiation of the action potential, the fast sodium 
channels open first, which is followed later by opening 
of the slow calcium channels. 

TMP13 p. Ill 

6. D) The end-diastolic volume is always greater than 
the end-systolic volume. Multiplication of the ejec- 
tion fraction by the end-diastolic volume provides the 
stroke volume, which is 50 milliliters in this problem. 
Therefore, the end-diastolic volume is 50 milliliters 
greater than the end-systolic volume and has a value of 
200 milliliters. 

TMP13 p. 118 



9. D) Heart rate is determined by the formula 60/R-R 
interval. The heart rate for this patient is 40 beats per 
minute. This heart rate is slow, which would occur in a 
trained athlete. A fever would increase heart rate. Ex- 
cess parasympathetic stimulation and hyperpolariza- 
tion of the S-A node both decrease heart rate. 

TMP13 p. 121 

10. E) The heart goes into spastic contraction after a large 
increase in the calcium ion concentration surrounding 
the cardiac myofibrils, which occurs if the extracellular 
fluid calcium ion concentration increases too much. 
An excess potassium concentration in the extracellular 
fluids causes the heart to become dilated because of the 
decrease in resting membrane potential of the cardiac 
muscle fibers. 

TMP13 p. 121 

11. D) At the end of isovolumic relaxation, the mitral and 
tricuspid valves open, which is followed by the period 
of diastolic filling. 

TMP13 pp. 117-118 

12. E) As seen in Chapter 9, the first heart sound by defi- 
nition occurs just after the ventricular pressure exceeds 
the atrial pressure, which causes the A-V valves to me- 
chanically close. The second heart sound occurs when 
the aortic and pulmonary valves close. 

TMP13 p. 114 

13. B) Having excess potassium ions in the blood and ex- 
tracellular fluid causes the heart to become dilated and 
flaccid and also slows the heart. This effect is important 
because of a decrease in the resting membrane poten- 
tial in the cardiac muscle fibers. As the membrane po- 
tential decreases, the intensity of the action potential 
decreases, which makes the contraction of the heart 
progressively weaker. Excess calcium ions in the blood 
and sympathetic stimulation and increased norepi- 
nephrine concentration of the blood all cause the heart 
to contract vigorously. 

TMP13 p. 121 
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14. E) The normal plateau level of the cardiac output 
function curve is 13 L/min. This level decreases in any 
kind of cardiac failure and increases markedly during 
sympathetic stimulation. 

TMP13 p. 121 

15. E) Immediately after the QRS wave, the ventricles be- 
gin to contract, and the first phase that occurs is iso- 
volumic contraction. Isovolumic contraction occurs 
before the ejection phase and increases the ventricular 
pressure enough to mechanically open the aortic and 
pulmonary valves. 

TMP13 p. 118 

16. C) The atrial and ventricular muscles have a relatively 
rapid rate of conduction of the cardiac action potential, 
and the anterior internodal pathway also has fairly rapid 
conduction of the impulse. However, the A-V bundle 
myofibrils have a slow rate of conduction because their 
sizes are considerably smaller than the sizes of the nor- 
mal atrial and ventricular muscle. In addition, their slow 
conduction is partly caused by diminished numbers of 
gap junctions between successive muscle cells in the 
conducting pathway, causing a great resistance to con- 
duction of the excitatory ions from one cell to the next. 

TMP13 p. 124 

17. D) The impulse from the S-A node travels rapidly 
through the internodal pathways and arrives at the A-V 
node at 0.03 second, at the A-V bundle at 0.12 second, 
and at the ventricular septum at 0.16 second. The total 
delay is thus 0.13 second. 

TMP13 p. 127 

18. D) Increased sympathetic stimulation of the heart in- 
creases heart rate, atrial contractility, and ventricular 
contractility and also increases norepinephrine release 
at the ventricular sympathetic nerve endings. It does 
not release acetylcholine. It does cause an increased 
sodium permeability of the A-V node, which increases 
the rate of upward drift of the membrane potential to 
the threshold level for self-excitation, thus increasing 
the heart rate. 

TMP13 pp. 121, 128 

19. A) After the S-A node discharges, the action potential 
travels through the atria, through the A-V bundle sys- 
tem, and finally to the ventricular septum and through- 
out the ventricle. The last place that the impulse arrives 
is at the epicardial surface at the base of the left ven- 
tricle, which requires a transit time of 0.22 second. 

TMP13 p. 127 

20. D) The increase in potassium permeability causes a 
hyperpolarization of the A-V node, which will decrease 
the heart rate. Increases in sodium permeability will 
actually partially depolarize the A-V node, and an in- 
crease in norepinephrine levels increases the heart rate. 

TMP13 p. 110 



21. D) During sympathetic stimulation, the permeabilities 
of the S-A node and the A-V node increase. In addi- 
tion, the permeability of cardiac muscle to calcium in- 
creases, resulting in an increased contractile strength. 
Furthermore, an upward drift of the resting membrane 
potential of the S-A node occurs. Increased permeabil- 
ity of the S-A node to potassium does not occur during 
sympathetic stimulation. 

TMP13 p. 128 

22. A) The normal resting membrane potential of the S-A 
node is -55 millivolts. As the sodium leaks into the 
membrane, an upward drift of the membrane potential 
occurs until it reaches -40 millivolts. This is the thresh- 
old level that initiates the action potential at the S-A 
node. 

TMP13 p. 124 

23. D) Increases in sodium and calcium permeability at 
the S-A node result in an increase in heart rate. An in- 
creased potassium permeability causes a hyperpolar- 
ization of the S-A node, which causes the heart rate to 
decrease. 

TMP13 p. 128 

24. A) Sodium permeability is highest during phase 0. 
Calcium permeability is highest during phase 2, and 
potassium is most permeable in phase 3. 

TMP13 p. 124 

25. D) The action potential arrives at the A-V bundle at 
0.12 second. It arrives at the A-V node at 0.03 second 
and is delayed 0.09 second in the A-V node, which 
results in an arrival time at the bundle of His of 0.12 
second. 

TMP13 p. 127 

26. A) If the Purkinje fibers are the pacemaker of the 
heart, the heart rate ranges between 15 and 40 beats/ 
min. In contrast, the rate of firing of the A-V nodal fi- 
bers are 40 to 60 times a minute, and the sinus node 
fires at 70 to 80 times per minute. If the sinus node is 
blocked for some reason, the A-V node will take over 
as the pacemaker, and if the A-V node is blocked, the 
Purkinje fibers will take over as the pacemaker of the 
heart. 

TMP13 pp. 127-128 

27. A) It takes 0.03 second for the action potential to trav- 
el from the S-A node to the A-V node. 

TMP13 p. 127 

28. B) The impulse coming from the S-A node to the A-V 
node arrives at 0.03 second. Then there is a total delay 
of 0.13 second in the A-V node and bundle system, al- 
lowing the impulse to arrive at the ventricular septum 
at 0.16 second. 

TMP13 p. 127 
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29. B) The normal rhythm of the A-V node is 40 to 60 
beats per minute. Purkinje fibers have a rhythm of 15 
to 40 beats per minute. 

TMP13 p. 127 

30. D) An increase in potassium permeability causes a de- 
crease in the membrane potential of the A-V node. Thus, 
it will be extremely hyperpolarized, making it much 
more difficult for the membrane potential to reach its 
threshold level for conduction, resulting in a decrease in 
heart rate. Increases in sodium and calcium permeabil- 
ity and norepinephrine levels increase the membrane 
potential, causing a tendency to increase the heart rate. 

TMP13 p. 128 

31. A) By convention, the left arm is the positive electrode 
for lead aVL of an ECG. 

TMP13 p. 136 

32. B) By convention, the left leg is the positive electrode 
for lead II of an ECG. 

TMP13 pp. 134-135 

33. E) Sympathetic stimulation of the heart normally 
causes an increased heart rate, increased rate of con- 
duction of the cardiac impulse, and increased force of 
contraction in the atria and ventricles. However, it does 
not cause acetylcholine release at the sympathetic end- 
ings because they contain norepinephrine. Parasym- 
pathetic stimulation causes acetylcholine release. The 
sympathetic nervous system firing increases in the per- 
meability of the cardiac muscle fibers, the S-A node, 
and the A-V node to sodium and calcium. 

TMP13 p. 128 

34. A) The heart rate can be calculated by 60 divided by 
the R-R interval, which is 0.86 second. This results in a 
heart rate of 70 beats/min. 

TMP13 p. 133 

35. B) Einthoven’s law states that the voltage in lead I plus 
the voltage in lead III is equal to the voltage in lead II. 
In this case the voltage in lead II is 0.9 millivolt and the 
voltage in lead III is 0.4 millivolt. The lead I voltage is 
thus 0.5 (0.9 - 0.4 millivolt = 0.5 millivolt). 

TMP13 p. 135 

36. E) The contraction of the ventricles lasts almost from 
the beginning of the Q wave and continues to the end 
of the T wave. This interval is called the Q-T interval 
and ordinarily lasts about 0.35 second. 

TMP13 p. 133 

37. A) By convention, the right arm is the negative elec- 
trode for lead II of an ECG. 

TMP13 p. 135 

38. A) By convention, the left arm is the negative elec- 
trode for lead I of an ECG. 

TMP13 p. 134 



39. D) Einthoven’s law states that the voltage in lead I plus 
the voltage in lead III is equal to the voltage in lead II, 
which in this case is 2.0 millivolts. 

TMP13 p. 135 



40. D) Different ECG lead axes are shown in the figure. 
Lead III has a positive portion at 120 degrees and a 
negative portion at -60 degrees. Therefore, lead III has 
correct axes for this question. 

TMP13 p. 140 




41. B) The mean electrical axis can be determined by plot- 
ting the resultant voltage of the QRS for leads I, II, and 
III. The result is shown below and has a value of -50 
degrees. 

TMP13 pp. 144-145 




III 




42. A) The heart rate can be calculated by 60 divided by 
the R-R interval, which is 0.68 second. This calculation 
results in a heart rate of 88 beats/min. 

TMP13 p. 133 

43. B) In the figure, the QRS width is greater than 0.12 
second, which indicates a bundle branch block. Right 
bundle branch block is not a listed answer. The correct 
answer is therefore left bundle branch block. 

TMP13 p. 146 

44. A) Systemic hypertension results in a left axis devia- 
tion because of the enlargement of the left ventricle. 
Pulmonary valve stenosis and pulmonary valve regur- 
gitation result in an enlarged right ventricle and right 
axis deviation. A rightward angulation of the heart will 
cause a rightward shift in the mean electrical axis. Pul- 
monary hypertension causes enlargement of the right 
heart and thus causes right axis deviation. 

TMP13 p. 145 
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45. D) Lead II has a positive vector at the 60-degree angle. 
The negative end of lead II is at -120 degrees. 

TMP13 p. 140 

46. A) Note in the figure below that the QRS complex has 
a large negative deflection in lead I and a positive de- 
flection in lead III, which indicates that there is a right- 
ward axis deviation. Heart rate is calculated by 60/R-R 
interval and is 103 beats per minute. 

TMP13 pp. 133, 146 




47. C) The right axis deviation in this patient has to oc- 
cur because of a change in muscle mass in the right 
ventricle, which occurs in pulmonary valve stenosis. 
Aortic valve insufficiency and systemic hypertension 
will cause a left axis shift. The QRS width is not greater 
than 0.12 second, so the patient does not have bundle 
branch block. 

TMP13 p. 146 

48. B) The patient has a mean electrical axis of 60 degrees 
because of the large deflection in lead II and zero in 
lead aVL. The axis of aVL is -30 degrees, which is per- 
pendicular to lead II, and this indicates that the axis 
must be 60 degrees. 

TMP13 p. 148 

49. A) This patient has an acute anterior infarction in the 
left ventricle of the heart. This diagnosis can be de- 
termined by plotting the currents of injury from the 
different leads (see figure below). The limb leads are 
used to determine whether the infarction is coming 
from the left or right side of the ventricle and from the 
base or inferior part of the ventricle. The chest leads 
are used to determine whether it is an anterior or pos- 
terior infarct. When we analyze the currents of injury, 
a negative potential, caused by the current of injury, 
occurs in lead I and a positive potential, caused by the 



current of injury, occurs in lead III. This is determined 
by subtracting the J point from the TP segment. The 
negative end of the resultant vector originates in the 
ischemic area, which is therefore the left side of the 
heart. In lead V 2 , the chest lead, the electrode is in a 
field of very negative potential, which occurs in pa- 
tients with an anterior lesion. 

TMP13 pp. 150-151 




50. D) The QRS wave plotted on lead I was -1.2 millivolts, 
and lead II was +1.2 millivolts, so the absolute value 
of the deflections was the same. Therefore, the mean 
electrical axis must be exactly halfway in between these 
two leads, which is halfway between the lead II axis of 
60 degrees and the lead I negative axis of 180 degrees, 
which provides a value of 120 degrees. 

TMP13 p. 144 

51. E) During the T-P interval in a patient with a damaged 
ventricle, the only area depolarized is the damaged 
muscle. Therefore, the remainder of the ventricle is re- 
polarized. At the J point the entire ventricle is depolar- 
ized in a patient with a damaged cardiac muscle or in 
a patient with a normal cardiac muscle. The area of the 
heart that is damaged will not repolarize but remains 
depolarized at all times. 

TMP13 p. 150 
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52. A) Note in the figure below that the QRS complex has 
a positive deflection in lead I and a negative in lead III, 
which indicates that there is a leftward axis deviation, 
which occurs during chronic systemic hypertension. 
Pulmonary hypertension increases the ventricular 
mass on the right side of the heart, which gives a right 
axis deviation. 

TMP13 p. 145 
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53. A) Because the deflection in this ECG is 0 in lead I, 
the axis has to be 90 degrees away from this lead. 
Therefore, the mean electrical axis must be +90 de- 
grees or -90 degrees. Because the aVF lead has a posi- 
tive deflection, the mean electrical axis must be at +90 
degrees. 

TMP13 p. 140 

54. B) The ECG from this patient has a positive deflection 
in aVF and a negative deflection in standard limb lead 
I. Therefore, the mean electrical axis is between 90 de- 
grees and 180 degrees, which is a rightward shift in the 
ECG mean electrical axis. Systemic hypertension, aor- 
tic valve stenosis, and aortic valve regurgitation cause 
hypertrophy of the left ventricle and thus a leftward 
shift in the mean electrical axis. Pulmonary hyperten- 
sion causes a rightward shift in the axis and is therefore 
characterized by this ECG. 

TMP13 p. 146 

55. D) A QRS axis of 120 degrees indicates a rightward 
shift. Because the QRS complex is 0.18 second, this 
indicates a conduction block. Therefore, the diagno- 
sis that fits with these characteristics is a right bundle 
branch block. 

TMP13 p. 146 



56. D) In the figure below, the current of injury is plotted 
at the bottom of the graph. This is not a plot of the 
QRS voltages but the current of injury voltages. They 
are plotted for leads II and III, which are both negative, 
and the resultant vector is nearly vertical. The negative 
end of the vector points to where the current of injury 
originated, which is in the apex of the ventricle. The el- 
evation of the TP segment above the J point indicates a 
posterior lesion. Therefore, the ECG is consistent with 
acute posterior infarction in the apex of the ventricle. 

TMP13 p. 151 
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57. E) This patient has a difference in the atrial rate of 100 
and in the ventricular rate of 25. The 25 rate in the ven- 
tricles is indicative of a rhythm starting in the Purkinje 
fibers. A-V block is occurring, but it comes and goes, 
which is only fulfilled by Stokes-Adams syndrome. 

TMP13 p. 157 

58. C) A person with atrial fibrillation has a rapid, irregu- 
lar heart rate. The P waves are missing or are very weak. 
The atria exhibit circus movements, and atrial volume 
is often increased, causing the atrial fibrillation. 

TMP13 pp. 164-165 

59. A) Circus movements occur in ventricular muscle, 
particularly in persons with a dilated heart or decreas- 
es in conduction velocity. High extracellular potassium 
and sympathetic stimulation, not parasympathetic 
stimulation, increase the tendency for circus move- 
ments. A longer refractory period tends to prevent 
circus movements of the heart, because when the im- 
pulses travel around the heart and contact the area of 
ventricular muscle that has a longer refractory period, 
the action potential stops at this point. 

TMP13 pp. 161-162 
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60. D) When a patient has no P waves and a low heart rate, 
it is likely that the impulse leaving the sinus node is totally 
blocked before entering the atrial muscle, which is called 
sinoatrial block. The ventricles pick up the new rhythm, 
usually initiated in the A-V node at this point, which re- 
sults in a heart rate of 40 to 60 per minute. In contrast, 
during sinus bradycardia, P waves are still associated with 
each QRS complex. In first-, second-, and third-degree 
heart block, P waves are present in each of these instanc- 
es, although some are not associated with QRS complex. 

TMP13 p. 156 

61. B) By definition, first-degree A-V heart block occurs 
when the P-R interval exceeds a value of 0.20 second 
but without any dropped QRS waves. This ECG shows 
first degree block. In this figure the P-R interval is 
about 0.30 second, which is considerably prolonged. 
However, there are no dropped QRS waves. During 
second-degree A-V block, QRS waves are dropped. 

TMP13 p. 157 

62. E) In the figure below, note that the premature ven- 
tricular contractions (PVCs) have a wide and tall QRS 
wave in the ECG. The mean electrical axis of the pre- 
mature contraction can be determined by plotting 
these large QRS complexes on the standard limb leads. 
The PVC originates at the negative end of the resultant 
mean electrical axis, which is at the base of the ventri- 
cle. Notice that the QRS of the PVC is wider and much 
taller than the normal QRS waves in this ECG. 

TMP13 p. 159 




63. B) This patient has atrial flutter, which is characterized 
by several P waves for each QRS complex. This ECG 
has two P waves for every QRS. Notice the rapid heart 
rate, which is characteristic of atrial flutter. 

TMP13 p. 165 



64. E) The average ventricular rate is 150 beats/min in this 
ECG, which is typical of atrial flutter. Once again notice 
that the heart rate is irregular because of the inability 
of the impulses to quickly pass through the A-V node 
because of its refractory period. 

TMP13 p. 133 

65. B) A dilated heart increases the risk of occurrence of 
ventricular fibrillation because of an increase in the 
likelihood of circus movements. Also, if the conduc- 
tion velocity decreases, it will take a longer period for 
the impulse to travel around the heart, which decreases 
the risk of ventricular fibrillation. Exposure of the heart 
to 60-cycle alternating current or epinephrine admin- 
istration increases the irritability of the heart. If the 
refractory period is long, the likelihood of re-entrant 
type of pathways decreases, because when the impulse 
travels around the heart, the ventricles remain in a re- 
fractory period. 

TMP13 pp. 161-162 

66. D) An inverted P wave occurs in patients with a pre- 
mature contraction originating in the A-V junction. If 
the P wave occurs after the QRS complex, the junc- 
tional contraction started low in the A-V junction. 
Junctional contractions originating high in the A-V 
junction will have a P wave that occurs before the QRS, 
and likewise one originating in the middle of junction 
occurs during the QRS. 

TMP13 p. 157 

67. E) The term “paroxysmal” means that the heart rate 
becomes rapid in paroxysms, with the paroxysm begin- 
ning suddenly and lasting for a few seconds, a few min- 
utes, a few hours, or much longer. Then the paroxysm 
usually ends as suddenly as it began and the pacemaker 
shifts back to the S-A node. The mechanism by which 
this phenomenon is believed to occur is by a re-entrant 
circus movement feedback pathway that sets up an area 
of local repeated self-re-excitation. The ECG shown 
is ventricular paroxysmal tachycardia. That the origin 
is in the ventricles can be determined because of the 
changes in the QRS complex, which have high voltages 
and look much different than the preceding normal 
QRS complexes. This is very characteristic of a ventric- 
ular irritable locus. 

TMP13 pp. 160-161 

68. C) Notice in this ECG that a P wave precedes each 
of the first four QRS complexes. After that we see a P 
wave but a dropped QRS wave, which is characteristic 
of second-degree A-V block. 

TMP13 p. 157 

69. A) A person with atrial fibrillation has a rapid, ir- 
regular heart rate. The P waves are missing or are very 
weak. The atria exhibit circus movements and often are 
very enlarged, causing the atrial fibrillation. 

TMP13 pp. 164-165 
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70. B) Ventricular fibrillation often occurs in a heart ex- 
posed to a 60-cycle alternating current. An increased 
conduction velocity through the heart muscle or a short- 
ened conduction pathway around the heart decreases 
the probability of re-entrant pathways. A shortened 
ventricular refractory period increases the possibility 
of fibrillation. Thus, when the electrical stimulus trav- 
els around the heart and reaches the ventricular muscle 
that was again initially stimulated, the risk of ventricular 
fibrillation increases because the muscle will be out of 
the refractory period. 

TMP13 p. 162 

71. B) During a Stokes-Adams syndrome attack, total A-V 
block suddenly begins, and the duration of the block 
may be a few seconds or even several weeks. The new 
pacemaker of the heart is distal to the point of blockade 
but is usually deep in the A-V node or the A-V bundle. 

TMP13 p. 157 

72. E) The heart rate can be determined by 60 divided by 
the R-R interval, which gives a value of 150 beats/min. 
This patient has tachycardia, which is defined as a heart 
rate greater than 100 beats/min. 

TMP13 p. 133 

73. A) The relationship between the P waves and the 
QRS complexes appears to be normal, and there are 
no missing beats. Therefore, this patient has a sinus 
rhythm, and there is no heart block. There is also no ST 
segment depression in this patient. Because we have 
normal P and QRS and T waves, this condition is sinus 
tachycardia. 

TMP13 p. 156 

74. A) The heartbeat immediately following a premature 
atrial contraction weakens because the diastolic period 
is very short in this condition. Therefore, the ventricu- 
lar filling time is very short, and thus the stroke volume 
decreases. The P wave is usually visible in this arrhyth- 
mia unless it coincides with the QRS complex. The 
probability of these premature contractions increases 
in people with toxic irritation of the heart and local 
ischemic areas. 

TMP13 p. 158 



75. C) During atrial paroxysmal tachycardia, the impulse 
is initiated by an ectopic focus somewhere in the atria. 
If the point of initiation is near the A-V node, the P 
wave travels backward toward the S-A node and then 
forward into the ventricles at the same time. Therefore, 
the P wave will be inverted. 

TMP13 p. 160 

76. A) This ECG has characteristics of atrial paroxys- 
mal tachycardia, which means that the tachycardia 
may come and go at random times. The basic shape 
of the QRS complex and its magnitude are virtually 
unchanged from the normal QRS complexes, which 
eliminates the possibility of ventricular paroxysmal 
tachycardia. This ECG is not characteristic of atrial 
flutter because there is only one P wave for each QRS 
complex. 

TMP13 p. 160 




77. E) First-, second-, and third-degree heart blocks, as 
well as atrial paroxysmal tachycardia, all have P waves 
in the ECG. However, there are usually no evident P 
waves during atrial fibrillation, and the heart rate is ir- 
regular. Therefore, this ECG is characteristic of atrial 
fibrillation. 

TMP13 pp. 164-165 



78. E) This patient’s heart rate is 37 beats/min, which can 
be determined by dividing 60 by the R-R interval. This 
is characteristic of some types of A-V block. 

TMP13 p. 133 



79. E) This ECG is characteristic of complete A-V block, 
which is also called third-degree A-V block. The P 
waves seem to be totally dissociated from the QRS 
complexes, because sometimes there are three P waves 
and sometimes two P waves between QRS complexes. 
First-degree A-V block causes a lengthened P-R inter- 
val, and second-degree A-V block has long P-R inter- 
vals with dropped beats. However, this does not seem 
to be occurring in this ECG, because there is no rela- 
tionship between the ORS waves and the P waves. 

TMP13 p. 157 
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UNIT IV 



The Circulation 



1. Listed below are the hydrostatic and oncotic pressures 
within a micro circulatory bed. 

Plasma colloid osmotic pressure = 25 mm Hg 
Capillary hydrostatic pressure = 25 mm Hg 
Venous hydrostatic pressure = 5 mm Hg 
Arterial pressure = 80 mm Hg 
Interstitial fluid hydrostatic pressure = -5 mm Hg 
Interstitial colloid osmotic pressure = 10 mm Hg 
Capillary filtration coefficient = 10 ml/min/mm Hg 

What is the rate of net fluid movement across the capillary 
wall? 

A) 25 ml/min 

B) 50 ml/min 

C) 100 ml/min 

D) 150 ml/min 

E) 200 ml/min 

2. A healthy 60-year-old woman with a 10-year history 
of hypertension stands up from a supine position. 
Which set of cardiovascular changes is most likely 
to occur in response to standing up from a supine 
position? 





Sympathetic 
Nerve Activity 


Parasympathetic 
Nerve Activity 


Heart 

Rate 


A) 


T 


T 


T 


B) 


T 


T 


1 


C) 


T 


1 


1 


D) 


T 


1 


T 


E) 


1 


1 


1 


F) 


1 


1 


T 


G) 


1 


T 


T 


H) 


1 


T 


1 



3. In an experimental study, administration of a drug de- 
creases the diameter of arterioles in the muscle bed of 
an animal subject. Which set of physiological changes 
would be expected to occur in response to the decrease 
in diameter? 





Vascular 

Conductance 


Capillary 

Filtration 


Blood 

Flow 


A) 


T 


T 


T 


B) 


T 


1 


T 


C) 


T 


1 


1 


D) 


T 


T 


1 


E) 


1 


1 


1 


F) 


1 


T 


1 


G) 


1 


T 


T 


H) 


1 


1 


T 


4. 


A 60-year-old woman has experienced dizziness for 
the past 6 months when getting out of bed in the morn- 
ing and when standing up. Her mean arterial pressure 
is 130/90 mm Hg while lying down and 95/60 while 
sitting. Which set of physiological changes would be 
expected in response to moving from a supine to an 
upright position? 

Parasympathetic Plasma Renin Sympathetic 

Nerve Activity Activity Activity 


A) 


T 


T 


T 


B) 


T 


1 


T 


C) 


T 


1 


1 


D) 


T 


T 


1 


E) 


1 


1 


1 


F) 


1 


T 


1 


G) 


1 


T 


T 


H) 


1 


1 


T 
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5. A 35-year-old woman visits her family practitioner for 
an examination. She has a blood pressure of 160/75 
mm Hg and a heart rate of 74 beats/min. Further tests 
by a cardiologist reveal that the patient has moderate 
aortic regurgitation. Which set of changes would be 
expected in this patient? 



Pulse Pressure Systolic Pressure Stroke Volume 



A) 


T 


T 


T 


B) 


T 


i 


T 


C) 


T 


1 


i 


D) 


T 


T 


1 


E) 


1 


i 


i 


F) 


1 


T 


1 


G) 


1 


T 


T 


H) 


1 


i 


T 


6. 


A healthy 27-year-old female medical student runs a 
5I< race. Which set of physiological changes is most 




likely to occur in 


this woman’s skeletal muscles during 




the race? 








Arteriole 


Vascular 


Tissue Oxygen 




Diameter 


Conductance 


Concentration 


A) 


T 


T 


T 


B) 


T 


T 


i 


C) 


T 


i 


1 


D) 


T 


i 


T 


E) 


i 


1 


1 


F) 


i 


1 


T 


G) 


1 


T 


T 


H) 


i 


T 


1 


7. 


Cognitive stimuli such as reading, problem solving, 
and talking all result in significant increases in cere- 




bral blood flow. Which set of changes 


in cerebral tissue 




concentrations is 


the most likely explanation for the 




increase in cerebral blood flow? 






Carbon Dioxide pH 


Adenosine 


A) 


T 


T 


T 


B) 


T 


1 


T 


C) 


T 


i 


1 


D) 


T 


T 


1 


E) 


i 


i 


i 


F) 


1 


T 


1 


G) 


i 


T 


T 


H) 


i 


1 


T 



8. Histamine is infused into the brachial artery. Which set 
of microcirculatory changes would be expected in the 
infused arm? 





Capillary Water 


Capillary Hydrostatic 


Capillary 




Permeability 


Pressure 


Filtration Rate 


A) 


T 


T 


T 


B) 


T 


T 


1 


C) 


T 


1 


1 


D) 


T 


1 


T 


E) 


1 


1 


1 


F) 


1 


1 


T 


G) 


1 


T 


T 


H) 


1 


T 


1 


9. 


An increase in shear stress in a blood vessel results in 




which change? 








A) Decreased endothelin production 






B) Decreased cyclic guanosine monophosphate pro- 




duction 








C) Increased nitric oxide release 

D) Increased renin production 

E) Decreased prostacyclin production 




10. 


A 65-year-old man with a 10-year history of essential 




hypertension is 


being treated with an 


angiotensin- 




converting enzyme (ACE) inhibitor. Which set of 
changes would be expected to occur in response to the 




ACE inhibitor drug therapy? 






Plasma Renin 


Total Peripheral Renal Sodium 




Concentration 


Resistance Excretory Function 


A) 


T 


T 


T 


B) 


T 


T 


1 


C) 


T 


1 


1 


D) 


T 


1 


T 


E) 


1 


1 


1 


F) 


1 


1 


T 


G) 


1 


T 


T 


H) 


1 


T 


1 


11. 


The diameter of 


a precapillary arteriole 


is increased 




in a muscle vascular bed. A decrease in 


which of the 



following would be expected? 

A) Capillary filtration rate 

B) Vascular conductance 

C) Capillary blood flow 

D) Capillary hydrostatic pressure 

E) Arteriolar resistance 
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12. A 55-year-old man with a history of normal health vis- 
its his physician for a checkup. The physical examina- 
tion reveals that his blood pressure is 170/98 mm Hg. 
Further tests indicate that he has renovascular hyper- 
tension as a result of stenosis in the left kidney. Which 
set of findings would be expected in this man with 
renovascular hypertension? 

Total Peripheral Plasma Renin Plasma Aldosterone 
Resistance Activity Concentration 

A) T T T 

B) T 1 T 

C) T 1 1 

D) T T 1 

E) 1 1 1 

F) 1 T 1 

G) 1 T T 

H) 1 1 T 

13. Under control conditions, flow through a blood vessel 
is 100 ml/ min with a pressure gradient of 50 mm Hg. 
What would be the approximate flow through the vessel 
after increasing the vessel diameter by 50%, assuming 
that the pressure gradient is maintained at 100 mm Hg? 

A) 100 ml/ min 

B) 150 ml/ min 

C) 300 ml/ min 

D) 500 ml/ min 

E) 700 ml/ min 



14. A 24-year-old woman delivers a 6-pound, 8-ounce baby 
girl. The newborn is diagnosed as having patent ductus 
arteriosus. Which set of changes would be expected in 
this baby? 

Pulse Pressure Stroke Volume Systolic Pressure 

A) T T T 

B) T 1 T 

C) T 1 1 

D) T T 1 

E) 1 1 1 

F) 1 T 1 

G) 1 T T 

H) 1 1 T 



15. A 72-year-old man had surgery to remove an abdomi- 
nal tumor. Pathohistological studies revealed that the 
tumor mass contained a large number of vessels. The 
most likely stimulus for the growth of vessels in a solid 
tumor is an increase in which of the following? 

A) Growth hormone 

B) Plasma glucose concentration 

C) Angiostatin growth factor 

D) Vascular endothelial growth factor 

E) Tissue oxygen concentration 



Unit IV The Circulation 



16. 


Which set of changes would be expected to cause 




the greatest increase 


in the net movement of sodium 




across a muscle capillary wall? 






Wall 




Concentration 




Permeability 




Difference 




to Sodium 


Wall Surface Area Across Wall 


A) 


T 


T 


T 


B) 


T 


T 


1 


C) 


T 


1 


1 


D) 


T 


1 


T 


E) 


1 


1 


1 


F) 


1 


1 


T 


G) 


1 


T 


T 


H) 


1 


T 


1 


17. 


While participating in a cardiovascular physiology lab- 




oratory, a medical student isolates 


an animal’s carotid 




artery proximal to the carotid bifurcation and par- 
tially constricts the artery with a tie around the vessel. 
Which set of changes would be expected to occur in 
response to constriction of the carotid artery? 






Sympathetic 


Total Peripheral 




Heart Rate 


Nerve Activity 


Resistance 


A) 


T 


T 


T 


B) 


T 


T 


1 


C) 


T 


1 


1 


D) 


T 


1 


T 


E) 


1 


1 


1 


F) 


1 


1 


T 


G) 


1 


T 


T 


H) 


1 


T 


1 


18. 


A 35-year-old woman visits her family practice physi- 
cian for an examination. She has a mean arterial blood 




pressure of 105 mm 


Hg and a heart rate of 74 beats/ 




min. Further tests by 


a cardiologist reveal that the pa- 




tient has moderate aortic valve stenosis. Which set of 
changes would be expected in this patient? 




Pulse Pressure Stroke Volume 


Systolic Pressure 


A) 


T 


T 


T 


B) 


T 


1 


T 


C) 


T 


1 


1 


D) 


T 


T 


1 


E) 


1 


1 


1 


F) 


1 


T 


1 


G) 


1 


T 


T 


H) 


1 


1 


T 
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19. A 60-year-old man visits his family practitioner for an 
annual examination. He has a mean blood pressure of 
130 mm Hg and a heart rate of 78 beats/min. His plas- 
ma cholesterol level is in the upper 25th percentile, and 
he is diagnosed as having atherosclerosis. Which set of 
changes would be expected in this patient? 



Pulse Arterial Systolic 

Pressure Compliance Pressure 

A) T T T 

B) T 1 T 

C) T 1 1 

D) T T 1 

E) 1 1 1 

F) 1 T 1 

G) 1 T T 

H) 1 1 T 



20. While participating in a cardiovascular physiology 
laboratory, a medical student isolates the carotid artery 
of an animal and partially constricts the artery with a 
tie around the vessel. Which set of changes would be 
expected to occur in response to constriction of the 
carotid artery? 



Sympathetic Renal Blood Total Peripheral 

Nerve Activity Flow Resistance 

A) T T T 

B) T 1 T 

C) T 1 1 

D) T T 1 

E) 1 11 

F) 1 T 1 

G) 1 T T 

H) 1 1 T 



21. Which mechanism would tend to decrease capillary 
filtration rate? 

A) Increased capillary hydrostatic pressure 

B) Decreased plasma colloid osmotic pressure 

C) Increased interstitial colloid osmotic pressure 

D) Decreased capillary water permeability 

E) Decreased arteriolar resistance 



22. A 72-year-old man had surgery to remove an abdomi- 
nal tumor. Findings of pathohistological studies reveal 
that the tumor mass contains a large number of blood 
vessels. The most likely stimulus for the growth of ves- 
sels in a solid tumor is an increase in which of the fol- 
lowing? 

A) Growth hormone 

B) Plasma glucose concentration 

C) Angiostatin growth factor 

D) Tissue oxygen concentration 

E) Vascular endothelial growth factor (VEGF) 



23. The diameter of a precapillary arteriole is decreased in 
a muscle vascular bed. Which change in the microcir- 
culation would be expected? 

A) Decreased capillary filtration rate 

B) Increased interstitial volume 

C) Increased lymph flow 

D) Increased capillary hydrostatic pressure 

E) Decreased arteriolar resistance 

24. A 50-year-old man has a 3-year history of hyperten- 
sion. He reports fatigue and occasional muscle cramps. 
There is no family history of hypertension. The patient 
has not had any other significant medical problems 
in the past. Examination reveals a blood pressure of 
168/104 mm Hg. Additional laboratory tests indi- 
cate that the patient has primary hyperaldosteronism. 
Which set of findings would be expected in this man 
with primary hyperaldosteronism hypertension? 



Extracellular Fluid 
Volume 


Plasma Renin 
Activity 


Plasma Potassium 
Concentration 


A) 


T 


T 


T 


B) 


T 


1 


T 


C) 


T 


1 


1 


D) 


T 


T 


1 


E) 


1 


1 


1 


F) 


1 


T 


1 


G) 


1 


T 


T 


H) 


1 


1 


T 



25. An increase in which of the following would tend to 
increase lymph flow? 

A) Hydraulic conductivity of the capillary wall 

B) Plasma colloid osmotic pressure 

C) Capillary hydrostatic pressure 

D) Arteriolar resistance 

E) A and C 

26. In control conditions, flow through a blood vessel is 
100 ml/min under a pressure gradient of 50 mm Hg. 
What would be the approximate flow through the ves- 
sel after increasing the vessel diameter to four times 
normal, assuming that the pressure gradient was main- 
tained at 50 mm Hg? 

A) 300 ml/min 

B) 1600 ml/min 

C) 1000 ml/min 

D) 16,000 ml/min 

E) 25,600 ml/min 
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27. A 50-year-old woman has a renal blood flow of 
1200 ml/min and hematocrit of 50. Her arterial pres- 
sure is 125 mm Hg, and her renal venous pressure is 
5 mm Hg. She also has a plasma colloid osmotic pressure 
of 25 mm Hg and a glomerular capillary hydrostatic 
pressure of 50 mm Hg. What is the total renal vascular 
resistance (in mm Hg/ml/min) in this woman? 

A) 0.05 

B) 0.10 

C) 0.50 

D) 1.00 

E) 1.50 

28. An increase in which of the following would be expect- 
ed to decrease blood flow in a vessel? 

A) Pressure gradient across the vessel 

B) Radius of the vessel 

C) Plasma colloid osmotic pressure 

D) Viscosity of the blood 

E) Plasma sodium concentration 

29. Assuming that vessels A to D are the same length, 
which one has the greatest flow? 



Pressure Gradient Radius Viscosity 



A) 


100 


1 


10 


B) 


50 


2 


5 


C) 


25 


4 


2 


D) 


10 


6 


1 


30. 


A 22 -year-old man 


enters the hospital emergency de- 




partment after severing a major artery 


in a motorcycle 




accident. It is estimated that he has lost approximately 
700 milliliters of blood. His blood pressure is 90/55 
mm Hg. Which set of changes would be expected in 




response to hemorrhage in this man? 








Sympathetic 


Total Peripheral 




Heart Rate 


Nerve Activity 


Resistance 


A) 


T 


T 


T 


B) 


T 


i 


T 


C) 


T 


1 


1 


D) 


T 


T 


1 


E) 


1 


i 


1 


F) 


I 


T 


1 


G) 


I 


T 


T 


H) 


1 


I 


T 



31. A healthy 28-year-old woman stands up from a supine 
position. Moving from a supine to a standing position 
results in a transient decrease in arterial pressure that is 
detected by arterial baroreceptors located in the aortic 
arch and carotid sinuses. Which set of cardiovascular 
changes is most likely to occur in response to activation 
of the baroreceptors? 





Mean 

Circulatory 
Filling Pressure 


Strength of 
Cardiac 
Contraction 


Sympathetic 
Nerve Activity 


A) 


T 


T 


T 


B) 


T 


I 


T 


C) 


T 


1 


i 


D) 


T 


T 


I 


E) 


i 


1 


i 


F) 


I 


T 


i 


G) 


i 


T 


T 


H) 


I 


i 


T 


32. 


An ACE inhibitor is 


administered to a 65- 


■year-old man 



with a 20-year history of hypertension. The drug low- 
ered his arterial pressure and increased his plasma lev- 
els of renin and bradykinin. Which mechanism would 
best explain the decrease in arterial pressure? 

A) Inhibition of angiotensin I 

B) Decreased conversion of angiotensinogen to 
angiotensin I 

C) Increased plasma levels of bradykinin 

D) Increased plasma levels of renin 

E) Decreased formation of angiotensin II 

33. A 25-year-old man enters the hospital emergency depart- 
ment after severing a major artery during a farm accident. 
It is estimated that the patient has lost approximately 800 
milliliters of blood. His mean blood pressure is 65 mm 
Hg, and his heart rate is elevated as a result of activa- 
tion of the chemoreceptor reflex. Which set of changes 
in plasma concentration would be expected to cause the 
greatest activation of the chemoreceptor reflex? 

Oxygen Carbon Dioxide Hydrogen 

A) T T T 

B) T 1 T 

C) T 1 1 

D) T T 1 

E) 1 1 1 

F) 1 T 1 

G) 1 T T 

H) 1 1 T 

34. Under normal physiological conditions, blood flow to 
the skeletal muscles is determined mainly by which of 
the following? 

A) Sympathetic nerves 

B) Angiotensin II 

C) Vasopressin 

D) Metabolic needs 

E) Capillary osmotic pressure 
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35. A healthy 22-year-old female medical student has an 
exercise stress test at a local health club. An increase 
in which of the following is most likely to occur in this 
woman’s skeletal muscles during exercise? 

A) Vascular conductance 

B) Blood flow 

C) Carbon dioxide concentration 

D) Arteriolar diameter 

E) All the above 

36. Which of the following segments of the circulatory sys- 
tem has the highest velocity of blood flow? 

A) Aorta 

B) Arteries 

C) Capillaries 

D) Venules 

E) Veins 

37. Listed below are the hydrostatic and oncotic pressures 
within a micro circulatory bed. 

Plasma colloid osmotic pressure = 25 mm Hg 
Capillary hydrostatic pressure = 25 mm Hg 
Venous hydrostatic pressure = 5 mm Hg 
Arterial pressure = 80 mm Hg 
Interstitial hydrostatic pressure = -5 mm Hg 
Interstitial colloid osmotic pressure = 5 mm Hg 
Filtration coefficient = 15 ml/min/mm Hg 

What is the filtration rate (ml/ min) of the capillary wall? 

A) 100 

B) 150 

C) 200 

D) 250 

E) 300 

38. Which blood vessel has the highest vascular resistance? 

Blood Flow Pressure 

(ml/min) Gradient (mm Hg) 



A) 


1000 


100 


B) 


1200 


60 


C) 


1400 


20 


D) 


1600 


80 


E) 


1800 


40 



39. A twofold increase in which of the following would re- 
sult in the greatest increase in the transport of oxygen 
across the capillary wall? 

A) Capillary hydrostatic pressure 

B) Intercellular clefts in the capillary wall 

C) Oxygen concentration gradient 

D) Plasma colloid osmotic pressure 

E) Capillary wall hydraulic permeability 



40. A balloon catheter is advanced from the superior vena 
cava into the heart and inflated to increase atrial pres- 
sure by 5 mm Hg. An increase in which of the following 
would be expected to occur in response to the elevated 
atrial pressure? 

A) Atrial natriuretic peptide 

B) Angiotensin II 

C) Aldosterone 

D) Renal sympathetic nerve activity 

41. Which of the following vessels has the greatest total 
cross-sectional area in the circulatory system? 

A) Aorta 

B) Small arteries 

C) Capillaries 

D) Venules 

E) Vena cava 

42. An increase in atrial pressure results in which of the 
following? 

A) Decrease in plasma atrial natriuretic peptide 

B) Increase in plasma angiotensin II concentration 

C) Increase in plasma aldosterone concentration 

D) Increase in sodium excretion 

43. Autoregulation of tissue blood flow in response to an 
increase in arterial pressure occurs as a result of which 
of the following? 

A) Decrease in vascular resistance 

B) Initial decrease in vascular wall tension 

C) Excess delivery of nutrients such as oxygen to the 
tissues 

D) Decrease in tissue metabolism 

44. Which component of the circulatory system contains 
the largest percentage of the total blood volume? 

A) Arteries 

B) Capillaries 

C) Veins 

D) Pulmonary circulation 

E) Heart 



45. Which set of changes would be expected to occur 2 
weeks after a 50% reduction in renal artery pressure? 





Plasma 

Renin 


Plasma Aldosterone 
Concentration 


Glomerular 
Filtration Rate 


A) 


T 


T 


T 


B) 


T 


T 


1 


C) 


T 


1 


1 


D) 


T 


1 


T 


E) 


1 


1 


1 


F) 


1 


1 


T 


G) 


1 


T 


T 


H) 


1 


T 


1 
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46. An increase in which of the following tends to decrease 
capillary filtration rate? 

A) Capillary hydrostatic pressure 

B) Plasma colloid osmotic pressure 

C) Interstitial colloid osmotic pressure 

D) Venous hydrostatic pressure 

E) Arteriolar diameter 

47. An increase in which of the following would be expect- 
ed to occur in a person 2 weeks after an increase in 
sodium intake? 

A) Angiotensin II 

B) Aldosterone 

C) Potassium excretion 

D) Atrial natriuretic peptide 

48. A decrease in which of the following tends to increase 
lymph flow? 

A) Capillary hydrostatic pressure 

B) Interstitial hydrostatic pressure 

C) Plasma colloid osmotic pressure 

D) Lymphatic pump activity 

E) Arteriolar diameter 

49. A decrease in the production of which of the following 
would most likely result in chronic hypertension? 

A) Aldosterone 

B) Thromboxane 

C) Angiotensin II 

D) Nitric oxide 

50. Which of the following capillaries has the lowest capil- 
lary permeability to plasma molecules? 

A) Glomerular 

B) Liver 

C) Muscle 

D) Intestinal 

E) Brain 

51. Which of the following would be expected to occur 
during a Cushing reaction caused by brain ischemia? 

A) Increase in parasympathetic activity 

B) Decrease in arterial pressure 

C) Decrease in heart rate 

D) Increase in sympathetic activity 

52. Which of the following tends to increase the net move- 
ment of glucose across a capillary wall? 

A) Increase in plasma sodium concentration 

B) Increase in the concentration difference of glucose 
across the wall 

C) Decrease in wall permeability to glucose 

D) Decrease in wall surface area without an increase in 
the number of pores 

E) Decrease in plasma potassium concentration 



Unit IV The Circulation 

53. A 65-year-old man has congestive heart failure. He has 
a cardiac output of 4 L/min, arterial pressure of 115/85 
mm Hg, and a heart rate of 90 beats/min. Further tests 
by a cardiologist reveal that the patient has a right atrial 
pressure of 10 mm Hg. An increase in which of the fol- 
lowing would be expected in this patient? 



A) Plasma colloid osmotic pressure 

B) Interstitial colloid osmotic pressure 

C) Arterial pressure 

D) Cardiac output 

E) Vena cava hydrostatic pressure 



< 



54. Which set of changes would be expected to occur in re- 
sponse to a direct increase in renal arterial pressure in 
kidneys without an intact tubuloglomerular feedback 
system? 





Glomerular 

Filtration 


Sodium 

Excretion 


Water 

Excretion Rate 


A) 


T 


T 


T 


B) 


T 


T 


1 


C) 


T 


1 


1 


D) 


T 


1 


T 


E) 


1 


1 


1 


F) 


1 


1 


T 


G) 


1 


T 


T 


H) 


1 


T 


1 



55. Which part of the circulation has the highest compli- 
ance? 

A) Capillaries 

B) Large arteries 

C) Veins 

D) Aorta 

E) Small arteries 



56. A decrease in which of the following tends to increase 
pulse pressure? 

A) Systolic pressure 

B) Stroke volume 

C) Arterial compliance 

D) Venous return 

E) Plasma volume 



57. Using the following data, calculate the filtration coef- 
ficient for the capillary bed. 



Plasma colloid osmotic pressure = 30 mm Hg 
Capillary hydrostatic pressure = 40 mm Hg 
Interstitial hydrostatic pressure = 5 mm Hg 
Interstitial colloid osmotic pressure = 5 mm Hg 
Filtration rate = 150 ml/min 
Venous hydrostatic pressure = 10 mm Hg 

A) 10 ml/min/mm Hg 

B) 15 ml/min/mm Hg 

C) 20 ml/min/mm Hg 

D) 25 ml/min/mm Hg 

E) 30 ml/ min / mm Hg 
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58. Which set of physiological changes would be expected 
to occur in a person who stands up from a supine posi- 
tion? 

Venous Hydrostatic Heart Renal Blood 

Pressure in Legs Rate Flow 

A) T T T 

B) T T 1 

C) T If 

D) i f f 

E) i IT 

F) i T T 

59. Blood flow to a tissue remains relatively constant de- 
spite a reduction in arterial pressure (autoregulation). 
Which of the following would be expected to occur in 
response to the reduction in arterial pressure? 

A) Decreased conductance 

B) Decreased tissue carbon dioxide concentration 

C) Increased tissue oxygen concentration 

D) Decreased vascular resistance 

E) Decreased arteriolar diameter 

60. Which of the following would have the slowest rate of 
net movement across the capillary wall? 

A) Sodium 

B) Albumin 

C) Glucose 

D) Oxygen 

61. An increase in which of the following tends to increase 
capillary filtration rate? 

A) Capillary wall hydraulic conductivity 

B) Arteriolar resistance 

C) Plasma colloid osmotic pressure 

D) Interstitial hydrostatic pressure 

E) Plasma sodium concentration 

62. The tendency for turbulent flow is greatest in which of 
the following? 

A) Arterioles 

B) Capillaries 

C) Small arterioles 

D) Aorta 

63. A 60-year-old man has a mean arterial blood pressure 
of 130 mm Hg, a heart rate of 78 beats/min, a right 
atrial pressure of 0 mm Hg, and a cardiac output of 
3.5 L/min. He also has a pulse pressure of 35 mm Hg 
and a hematocrit of 40. What is the approximate total 
peripheral vascular resistance in this man? 

A) 17 mm Hg/L/min 

B) 1.3 mm Hg/L/min 

C) 13 mm Hg/L/min 

D) 27 mm Hg/L/min 

E) 37 mm Hg/L/min 



64. Which pressure is normally negative in a muscle capil- 
lary bed in the lower extremities? 

A) Plasma colloid osmotic pressure 

B) Capillary hydrostatic pressure 

C) Interstitial hydrostatic pressure 

D) Interstitial colloid osmotic pressure 

E) Venous hydrostatic pressure 

65. What would tend to increase a person’s pulse pressure? 

A) Decreased stroke volume 

B) Increased arterial compliance 

C) Hemorrhage 

D) Patent ductus 

E) Decreased venous return 

66. Movement of solutes such as Na + across the capillary 
walls occurs primarily by which process? 

A) Filtration 

B) Active transport 

C) Vesicular transport 

D) Diffusion 

67. What would decrease venous hydrostatic pressure in 
the legs? 

A) Increase in right atrial pressure 

B) Pregnancy 

C) Movement of leg muscles 

D) Presence of ascitic fluid in the abdomen 



68. A nitric oxide donor is infused into the brachial artery 
of a 22-year-old man. Which set of microcirculatory 
changes would be expected in the infused arm? 
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69. What often occurs in decompensated heart failure? 

A) Increased renal loss of sodium and water 

B) Decreased mean systemic filling pressure 

C) Increased norepinephrine in cardiac sympathetic 
nerves 

D) Orthopnea 

E) Weight loss 

70. Which condition often occurs in progressive hemor- 
rhagic shock? 

A) Vasomotor center failure 

B) Increased urine output 

C) Tissue alkalosis 

D) Decreased capillary permeability 

E) Increased mean systemic filling pressure 
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71. A 50-year-old woman received an overdose of furose- 
mide, and her arterial pressure decreased to 70/40. Her 
heart rate is 120, and her respiratory rate is 30/min. 
What therapy would you recommend? 

A) Whole blood infusion 

B) Plasma infusion 

C) Infusion of a balanced electrolyte solution 

D) Infusion of a sympathomimetic drug 

E) Administration of a glucocorticoid 

72. A 30-year-old woman comes to a local emergency 
department with severe vomiting. She has pale skin, 
tachycardia, an arterial pressure of 70/45, and trouble 
walking. What therapy do you recommend to prevent 
shock? 

A) Infusion of packed red blood cells 

B) Administration of an antihistamine 

C) Infusion of a balanced electrolyte solution 

D) Infusion of a sympathomimetic drug 

E) Administration of a glucocorticoid 




Modified from Guyton AC, Jones CE, Coleman TB: Circulatory Physiology: 
Cardiac Output and Its Regulation, 2nd ed. Philadelphia: WB Saunders, 

1973. 

73. In the above figure, for the cardiac output and venous 
return curves defined by the solid red lines (with the 
equilibrium at A), which of the following options is 
true? 

A) Mean systemic filling pressure is 12 mm Hg 

B) Right atrial pressure is 2 mm Hg 

C) Resistance to venous return is 1.4 mm Hg/L/min 

D) Pulmonary arterial flow is approximately 7 L/min 

E) Resistance to venous return is 0.71 mm Hg/L/min 



74. A 30-year-old man is resting, and his sympathetic out- 
put increases to maximal values. Which set of changes 
would be expected in response to this increased sym- 
pathetic output? 
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75. If a patient has an oxygen consumption of 240 ml/min, 
a pulmonary vein oxygen concentration of 180 ml/L of 
blood, and a pulmonary artery oxygen concentration of 
160 ml/L of blood units, what is the cardiac output in 
L/min? 

A) 8 

B) 10 

C) 12 

D) 16 

E) 20 

76. What normally causes the cardiac output curve to shift 
to the right along the right atrial pressure axis? 

A) Changing intrapleural pressure to -1 mm Hg 

B) Increasing mean systemic filling pressure 

C) Taking a patient off a mechanical ventilator and al- 
lowing normal respiration 

D) Decreasing intrapleural pressure to -7 mm Hg 

E) Breathing against a negative pressure 

77. What normally causes the cardiac output curve to shift 
to the left along the right atrial pressure axis? 

A) Surgically opening the chest 

B) Severe cardiac tamponade 

C) Breathing against a negative pressure 

D) Playing a trumpet 

E) Positive pressure breathing 

78. What will elevate the plateau of the cardiac output 
curve? 

A) Surgically opening the thoracic cage 

B) Connecting a patient to a mechanical ventilator 

C) Cardiac tamponade 

D) Increasing parasympathetic stimulation of the heart 

E) Increasing sympathetic stimulation of the heart 

79. What is normally associated with an increased cardiac 
output? 

A) Increased parasympathetic stimulation 

B) Atrioventricular (A-V) fistula 

C) Decreased blood volume 

D) Polycythemia 

E) Severe aortic regurgitation 
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80. Which condition would be expected to decrease mean 
systemic filling pressure? 

A) Norepinephrine administration 

B) Increased blood volume 

C) Increased sympathetic stimulation 

D) Increased venous compliance 

E) Skeletal muscle contraction 

81. Which statement about resistance to venous return 
(RVR) is true? 

A) An increase in venous resistance causes an increase 
in RVR 

B) Increased parasympathetic stimulation causes an 
increase in RVR 

C) An increase in RVR causes an increase in venous 
return 

D) Sympathetic inhibition causes an increase in RVR 

E) Changes in arterial resistance have a greater effect 
on RVR than do equal changes in venous resistance 

82. In which condition would you expect a decreased 
resistance to venous return? 

A) Anemia 

B) Increased venous resistance 

C) Increased arteriolar resistance 

D) Increased sympathetic output 

E) Obstruction of veins 

83. What is normally associated with an increased cardiac 
output? 

A) Increased venous compliance 

B) Cardiac tamponade 

C) Surgically opening the chest 

D) Moderate anemia 

E) Severe aortic stenosis 

84. In which condition would you normally expect to find 
a decreased cardiac output? 

A) Hyperthyroidism 

B) Beriberi 

C) A-V fistula 

D) Anemia 

E) Acute myocardial infarction 

85. At the onset of exercise, what normally occurs? 

A) Decreased cerebral blood flow 

B) Increased venous constriction 

C) Decreased coronary blood flow 

D) Decreased mean systemic filling pressure 

E) Increased parasympathetic impulses to the heart 

86. What will usually increase the plateau level of the 
cardiac output curve? 

A) Myocarditis 

B) Severe cardiac tamponade 

C) Decreased parasympathetic stimulation of the 
heart 



D) Myocardial infarction 

E) Mitral stenosis 

87. If a person has been exercising for 1 hour, which organ 
will have the smallest decrease in blood flow? 

A) Brain 

B) Intestines 

C) Kidneys 

D) Nonexercising skeletal muscle 

E) Pancreas 

88. What increases the risk of adverse cardiac events? 

A) Decreased blood levels of low-density lipoprotein 
(LDL) 

B) Decreased blood levels of high-density lipoprotein 
(HDL) 

C) Female gender 

D) Moderate hypotension 

E) Decreased blood triglycerides 

89. Which vasoactive agent is usually the most important 
controller of coronary blood flow? 

A) Adenosine 

B) Bradykinin 

C) Prostaglandins 

D) Carbon dioxide 

E) Potassium ions 

90. What will elevate the plateau of the cardiac output 
curve? 

A) Surgically opening the thoracic cage 

B) Connecting a patient to a mechanical ventilator 

C) Cardiac tamponade 

D) Increasing parasympathetic stimulation of the 
heart 

E) Increasing sympathetic stimulation of the heart 

91. Which statement about coronary blood flow is most 
accurate? 

A) Normal resting coronary blood flow is 500 ml/min 

B) The majority of flow occurs during systole 

C) During systole, the percentage decrease in sub- 
endocardial flow is greater than the percentage 
decrease in epicardial flow 

D) Adenosine release will normally decrease coronary 
flow 

92. Which condition normally causes arteriolar vasodila- 
tion during exercise? 

A) Decreased plasma potassium ion concentration 

B) Increased histamine release 

C) Decreased plasma nitric oxide concentration 

D) Increased plasma adenosine concentration 

E) Decreased plasma osmolality 
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93. At the onset of exercise, the mass sympathetic nervous 
system strongly discharges. What would you expect to 
occur? 



99. A 60-year-old man has been told by his doctor that 
he has angina caused by myocardial ischemia. Which 
treatment would be beneficial to this man? 



A) Increased sympathetic impulses to the heart 

B) Decreased coronary blood flow 

C) Decreased cerebral blood flow 

D) Reverse stress relaxation 

E) Venous dilation 

94. Which of the following blood vessels is responsible for 
transporting the majority of venous blood flow that 
leaves the ventricular heart muscle? 



A) Angiotensin-converting enzyme inhibition 

B) Isometric exercise 

C) Chelation therapy such as ethylenediamine tet- 
raacetic acid (EDTA) 

D) Beta receptor stimulation 

E) Increased dietary calcium 



< 



100. What is one of the major causes of death after myo- 
cardial infarction? 



A) Anterior cardiac veins 

B) Coronary sinus 

C) Bronchial veins 

D) Azygos vein 

E) Thebesian veins 

95. A 70-year-old man with a weight of 100 kilograms (220 
pounds) and a blood pressure of 160/90 has been told 
by his doctor that he has angina caused by myocardial 
ischemia. Which treatment would be beneficial to this 
man? 

A) Increased dietary calcium 

B) Isometric exercise 

C) A beta-1 receptor stimulator 

D) Angiotensin II infusion 

E) Nitroglycerin 

96. Which event normally occurs during exercise? 

A) Arteriolar dilation in non-exercising muscle 

B) Decreased sympathetic output 

C) Venoconstriction 

D) Decreased release of epinephrine by the adrenals 

E) Decreased release of norepinephrine by the adrenals 

97. What is the most frequent cause of decreased coronary 
blood flow in patients with ischemic heart disease? 

A) Increased adenosine release 

B) Atherosclerosis 

C) Coronary artery spasm 

D) Increased sympathetic tone of the coronary arter- 
ies 

E) Occlusion of the coronary sinus 

98. A 60-year-old man sustained an ischemia-induced 
myocardial infarction and died from ventricular fibril- 
lation. In this patient, what factor was most likely to 
increase the tendency of the heart to fibrillate after the 
infarction? 

A) Low potassium concentration in the heart extracel- 
lular fluid 

B) A decrease in ventricular diameter 

C) Increased sympathetic stimulation of the heart 

D) Low adenosine concentration 

E) Decreased parasympathetic stimulation of the 
heart 



A) Increased cardiac output 

B) A decrease in pulmonary interstitial volume 

C) Fibrillation of the heart 

D) Increased cardiac contractility 

101. Which statement about the results of sympathetic 
stimulation is most accurate? 

A) Epicardial flow increases 

B) Venous resistance decreases 

C) Arteriolar resistance decreases 

D) Heart rate decreases 

E) Venous reservoirs constrict 

102. What is normally associated with the chronic stages 
of compensated heart failure? Assume the patient is 
resting. 

A) Dyspnea 

B) Decreased right atrial pressure 

C) Decreased heart rate 

D) Sweating 

E) Increased mean systemic filling pressure 

103. What normally occurs in a person with unilateral left 
heart failure? 

A) Decreased pulmonary artery pressure 

B) Decreased left atrial pressure 

C) Decreased right atrial pressure 

D) Edema of feet 

E) Increased mean pulmonary filling pressure 

104. What normally causes renal sodium retention during 
compensated heart failure? 

A) Increased formation of angiotensin II 

B) Increased release of atrial natriuretic factor 

C) Sympathetic vasodilation of the afferent arterioles 

D) Increased glomerular filtration rate 

E) Increased formation of antidiuretic hormone (ADH) 

105. Which intervention would normally be beneficial to a 
patient with acute pulmonary edema? 

A) Infuse a vasoconstrictor drug 

B) Infuse a balanced electrolyte solution 

C) Administer furosemide 

D) Administer a bronchoconstrictor 

E) Infuse whole blood 
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106. A 60-year-old man had a heart attack 2 days ago, and 
his blood pressure has continued to decrease. He is 
now in cardiogenic shock. Which therapy would be 
most beneficial? 

A) Placing tourniquets on all four limbs 

B) Administering a sympathetic inhibitor 

C) Administering furosemide 

D) Administering a blood volume expander 

E) Increasing dietary sodium intake 

107. If a 21-year-old male patient has a cardiac reserve of 
300% and a maximum cardiac output of 16 L/min, 
what is his resting cardiac output? 

A) 3 L/min 

B) 4 L/min 

C) 5.33 L/min 

D) 6 L/min 

E) 8 L/min 

108. Which of the following occurs during heart failure 
and causes an increase in renal sodium excretion? 

A) Increased aldosterone release 

B) Increased atrial natriuretic factor release 

C) Decreased glomerular filtration rate 

D) Increased angiotensin II release 

E) Decreased mean arterial pressure 

109. Which intervention would be appropriate therapy for 
a patient in cardiogenic shock? 

A) Placing tourniquets on the four limbs 

B) Withdrawing a moderate amount of blood from 
the patient 

C) Administering furosemide 

D) Infusing a vasoconstrictor drug 

110. Which condition normally accompanies acute unilat- 
eral right heart failure? 

A) Increased right atrial pressure 

B) Increased left atrial pressure 

C) Increased urinary output 

D) Increased cardiac output 

E) Increased arterial pressure 

111. What is normally associated with the chronic stages 
of compensated heart failure? Assume the patient is 
resting. 

A) Decreased mean systemic filling pressure 

B) Increased right atrial pressure 

C) Increased heart rate 

D) Sweating 

E) Dyspnea 

112. Patients with pulmonary edema often have dyspnea be- 
cause of accumulation of fluid in the lungs. Which of 
the following would normally be the most beneficial for 
a patient with acute pulmonary edema? 

A) Infusing furosemide 

B) Infusing dobutamine 



C) Infusing saline solution 

D) Infusing norepinephrine 

E) Infusing whole blood 

113. Which of the following is associated with compen- 
sated heart failure? 

A) Increased cardiac output 

B) Increased blood volume 

C) Decreased mean systemic filling pressure 

D) Normal right atrial pressure 

114. Which condition is normally associated with an 
increase in mean systemic filling pressure? 

A) Decreased blood volume 

B) Congestive heart failure 

C) Sympathetic inhibition 

D) Venous dilation 

115. Which condition normally occurs during the early 
stages of compensated heart failure? 

A) Increased right atrial pressure 

B) Normal heart rate 

C) Decreased angiotensin II release 

D) Decreased aldosterone release 

E) Increased urinary output of sodium and water 

116. What often occurs during decompensated heart 
failure? 

A) Hypertension 

B) Increased mean pulmonary filling pressure 

C) Decreased pulmonary capillary pressure 

D) Increased cardiac output 

E) Increased norepinephrine in the endings of the 
cardiac sympathetic nerves 

117. Which of the following often occurs in decompen- 
sated heart failure? 

A) Increased renal loss of sodium and water 

B) Decreased mean systemic filling pressure 

C) Increased norepinephrine in cardiac sympathetic 
receptors 

D) Orthopnea 

E) Weight loss 

118. An 80-year-old male patient at a local hospital was 
diagnosed with a heart murmur. A chest radiograph 
showed an enlarged heart but no edema fluid in 
the lungs. The mean QRS axis of his ECG was 170 
degrees. His pulmonary wedge pressure was normal. 
What is the diagnosis? 

A) Mitral stenosis 

B) Aortic stenosis 

C) Pulmonary valve stenosis 

D) Tricuspid stenosis 

E) Mitral regurgitation 
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The fourth heart sound is associated with which 
mechanism? 

A) In-rushing of blood into the ventricles from atrial 
contraction 

B) Closing of the A-V valves 

C) Closing of the pulmonary valve 

D) Opening of the A-V valves 

E) In-rushing of blood into the ventricles in the early 
to middle part of diastole 

A 40-year-old woman has been diagnosed with a heart 
murmur. A “ blowing” murmur of relatively high pitch 
is heard maximally over the left ventricle. The chest 
radiograph shows an enlarged heart. Arterial pressure 
in the aorta is 140/40 mm Hg. What is the diagnosis? 

A) Aortic valve stenosis 

B) Aortic valve regurgitation 

C) Pulmonary valve stenosis 

D) Mitral valve stenosis 

E) Tricuspid valve regurgitation 

In which disorder will left ventricular hypertrophy 
normally occur? 

A) Pulmonary valve regurgitation 

B) Tricuspid regurgitation 

C) Mitral stenosis 

D) Tricuspid stenosis 

E) Aortic stenosis 

Which heart murmur is heard during systole? 

A) Aortic valve regurgitation 

B) Pulmonary valve regurgitation 

C) Tricuspid valve stenosis 

D) Mitral valve stenosis 

E) Patent ductus arteriosus 

An increase in left atrial pressure is most likely to oc- 
cur in which heart murmur? 

A) Tricuspid stenosis 

B) Pulmonary valve regurgitation 

C) Aortic stenosis 

D) Tricuspid regurgitation 

E) Pulmonary valve stenosis 

A 50-year-old female patient at a local hospital has 
been diagnosed with a heart murmur. A murmur of 
relatively low pitch is heard maximally over the sec- 
ond intercostal space to the right of the sternum. The 
chest radiograph shows an enlarged heart. The mean 
QRS axis of the ECG is -45 degrees. What is the diag- 
nosis? 

A) Mitral valve stenosis 

B) Aortic valve stenosis 

C) Pulmonary valve stenosis 

D) Tricuspid valve stenosis 

E) Tricuspid valve regurgitation 



125. A 40-year-old female patient has been diagnosed with 
a heart murmur of relatively high pitch heard maxi- 
mally in the second intercostal space to the left of the 
sternum. The mean QRS axis of his ECG is 150 de- 
grees. The arterial blood oxygen content is normal. 
What is the likely diagnosis? 

A) Aortic stenosis 

B) Aortic regurgitation 

C) Pulmonary valve regurgitation 

D) Mitral stenosis 

E) Tricuspid stenosis 

126. In which condition will right ventricular hypertrophy 
normally occur? 

A) Tetralogy of Fallot 

B) Mild aortic stenosis 

C) Mild aortic insufficiency 

D) Mitral stenosis 

E) Tricuspid stenosis 

127. Which heart murmur is only heard during diastole? 

A) Patent ductus arteriosus 

B) Aortic stenosis 

C) Tricuspid valve regurgitation 

D) Interventricular septal defect 

E) Mitral stenosis 

128. A person with which condition is most likely to have 
low arterial oxygen content? 

A) Tetralogy of Fallot 

B) Pulmonary artery stenosis 

C) Tricuspid insufficiency 

D) Patent ductus arteriosus 

E) Tricuspid stenosis 

129. Which of the following is associated with the first 
heart sound? 

A) Inrushing of blood into the ventricles as a result of 
atrial contraction 

B) Closing of the A-V valves 

C) Closing of the pulmonary valve 

D) Opening of the A-V valves 

E) Inrushing of blood into the ventricles in the early 
to middle part of diastole 

130. A 50-year-old woman had an echocardiogram. The 
results indicated a thickened right ventricle. Other 
data indicated that the patient had severely decreased 
arterial oxygen content and equal systolic pressures in 
both cardiac ventricles. What condition is present? 

A) Interventricular septal defect 

B) Tetralogy of Fallot 

C) Pulmonary valve stenosis 

D) Pulmonary valve regurgitation 

E) Patent ductus arteriosus 
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131. Which heart murmur is only heard during diastole? 

A) Patent ductus arteriosus 

B) Mitral regurgitation 

C) Tricuspid valve stenosis 

D) Interventricular septal defect 

E) Aortic stenosis 

132. Which mechanism is associated with the third heart 
sound? 

A) Inrushing of blood into the ventricles as a result of 
atrial contraction 

B) Closing of the A-V valves 

C) Closing of the pulmonary valve 

D) Opening of the A-V valves 

E) Inrushing of blood into the ventricles in the early 
to middle part of diastole 

133. Which condition often occurs in a person with pro- 
gressive hemorrhagic shock? 

A) Increased capillary permeability 

B) Stress relaxation of veins 

C) Tissue alkalosis 

D) Increased urine output 

E) Increased mean systemic filling pressure 

134. In which condition will administration of a sympa- 
thomimetic drug be the therapy of choice to prevent 
shock? 

A) Spinal cord injury 

B) Shock due to excessive vomiting 

C) Hemorrhagic shock 

D) Shock caused by excess diuretics 

135. The blood pressure of a 60-year-old man decreased 
to 55/35 mm Hg during induction of anesthesia. His 
ECG still shows a normal sinus rhythm. What initial 
therapy do you recommend? 

A) Infusion of packed red blood cells 

B) Infusion of plasma 

C) Infusion of a balanced electrolyte solution 

D) Infusion of a sympathomimetic drug 

E) Administration of a glucocorticoid 

136. A 65-year-old man enters a local emergency depart- 
ment a few minutes after receiving an influenza in- 
oculation. He has pallor, tachycardia, arterial pressure 
of 80/50, and trouble walking. What therapy do you 
recommend to prevent shock? 

A) Infusion of blood 

B) Administration of an antihistamine 

C) Infusion of a balanced electrolyte solution such as 
saline 

D) Infusion of a sympathomimetic drug 

E) Administration of tissue plasminogen activator 



137. Which condition often occurs in compensated hemor- 
rhagic shock? Assume systolic pressure is 48 mm Hg. 

A) Decreased heart rate 

B) Stress relaxation of veins 

C) Decreased ADH release 

D) Decreased absorption of interstitial fluid through 
the capillaries 

E) Central nervous system (CNS) ischemic response 

138. If a patient undergoing spinal anesthesia experienc- 
es a large decrease in arterial pressure and goes into 
shock, what would be the therapy of choice? 

A) Plasma infusion 

B) Blood infusion 

C) Saline solution infusion 

D) Glucocorticoid infusion 

E) Infusion of a sympathomimetic drug 

139. A 25-year-old man who has been in a motorcycle wreck 
enters the emergency department. His clothes are very 
bloody, and his arterial pressure is decreased to 70/40. 
His heart rate is 120, and his respiratory rate is 30/min. 
Which therapy would the physician recommend? 

A) Infusion of blood 

B) Infusion of plasma 

C) Infusion of a balanced electrolyte solution 

D) Infusion of a sympathomimetic drug 

E) Administration of a glucocorticoid 

140. In which type of shock does cardiac output often in- 
crease? 

A) Hemorrhagic shock 

B) Anaphylactic shock 

C) Septic shock 

D) Neurogenic shock 

141. A 20-year-old man who has been hemorrhaging as a 
result of a gunshot wound enters a local emergency 
department. He has pale skin, tachycardia, an arterial 
pressure of 60/40, and trouble walking. Unfortunately, 
the blood bank is out of whole blood. Which therapy 
would the physician recommend to prevent shock? 

A) Administration of a glucocorticoid 

B) Administration of an antihistamine 

C) Infusion of a balanced electrolyte solution 

D) Infusion of a sympathomimetic drug 

E) Infusion of plasma 

142. A 10-year-old girl in the hospital had an intestinal ob- 
struction, and her arterial pressure decreased to 70/40. 
Her heart rate is 120, and her respiratory rate is 30/ min. 
Which therapy would the physician recommend? 

A) Infusion of blood 

B) Infusion of plasma 

C) Infusion of a balanced electrolyte solution 

D) Infusion of a sympathomimetic drug 

E) Administration of a glucocorticoid 
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143. What often occurs during progressive shock? 

A) Patchy areas of necrosis in the liver 

B) Decreased tendency for blood to clot 

C) Increased glucose metabolism 

D) Decreased release of hydrolases by lysosomes 

E) Decreased capillary permeability 



Unit IV The Circulation 

144. Release of which substance causes vasodilation and 
increased capillary permeability during anaphylactic 
shock? 

A) Histamine 

B) Bradykinin 

C) Nitric oxide 

D) Atrial natriuretic factor 

E) Adenosine 
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ANSWERS 



1. D) The rate of net fluid movement across a capillary 
wall is calculated as capillary filtration coefficient x 
net filtration pressure. Net filtration pressure = capillary 
hydrostatic pressure - plasma colloid osmotic pressure 
+ interstitial colloid osmotic pressure - interstitial 
hydrostatic pressure. Thus, the rate of net fluid move- 
ment across the capillary wall is 150 ml/ min. 

Filtration rate = Capillary filtration coefficient (K f ) 
x Net filtration pressure 

Filtration rate = K f x [Pc — Tic + Hi — P,] 

Filtration rate = 10 ml/min/mm Hg 

x [25 - 25 + 10 - (-5)] 

Filtration rate = 10 x 15 = 150 ml/min 

TMP13 p. 194 

2. D) Moving from a supine to a standing position 
causes an acute fall in arterial pressure that is sensed 
by arterial baroreceptors located in the carotid bifurca- 
tion and aortic arch. Activation of the arterial barore- 
ceptors leads to an increase in sympathetic outflow to 
the heart and peripheral vasculature and a decrease in 
parasympathetic outflow to the heart. The increase in 
sympathetic activity to peripheral vessels results in an 
increase in total peripheral resistance. The increase in 
sympathetic activity and decrease in parasympathetic 
outflow to the heart result in an increase in heart rate. 

TMP13 pp. 220-221 

3. E) Administration of a drug that decreases the dia- 
meter of arterioles in a muscle bed increases the vascular 
resistance. The increased vascular resistance decreases 
vascular conductance and blood flow. The reduction in 
arteriolar diameter also leads to a decrease in capillary 
hydrostatic pressure and capillary filtration rate. 

TMP13 pp. 1 75 and 194 

4. G) Moving from a supine to a standing position causes 
an acute fall in arterial pressure that is sensed by arte- 
rial baroreceptors located in the carotid sinuses and 
aortic arch. Activation of the baroreceptors results in 
a decrease in parasympathetic activity (or vagal tone) 
and an increase in sympathetic activity, which leads to 
an increase in plasma renin activity (or renin release). 

TMP13 pp. 219-222 

5. A) The difference between systolic pressure and dia- 
stolic pressure is the pulse pressure. The two major 
factors that affect pulse pressure are the stroke volume 
output of the heart and the compliance of the arterial 
tree. In patients with moderate aortic regurgitation 
(due to incomplete closure of aortic valve), the blood 
that is pumped into the aorta immediately flows back 



into the left ventricle. The backflow of blood into the 
left ventricle increases stroke volume and systolic 
pressure. The rapid backflow of blood also results in 
a decrease in diastolic pressure. Thus, patients with 
moderate aortic regurgitation have high systolic pres- 
sure, low diastolic pressure, and high pulse pressure. 

TMP13 pp. 180-181 
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6. B) The increase in local metabolism during exercise 
increases oxygen utilization and decreases tissue 
oxygen concentration. The decrease in tissue oxygen 
concentration increases arteriolar diameter and 
increases vascular conductance and blood flow to 
skeletal muscles. 

TMP13 pp. 204-206 



7. B) Cognitive stimuli increase cerebral blood flow by 
decreasing cerebral vascular resistance. The diameter 
of cerebral vessels is decreased by various metabolic 
factors in response to cognitive stimuli. Metabolic 
factors that enhance cerebral blood flow include in- 
creases in carbon dioxide, hydrogen ion (decreased 
pH), and adenosine. 

TMP13 pp. 203-206 



8. A) Histamine is a vasodilator that is typically released 
by mast cells and basophils. Infusion of histamine into 
a brachial artery would decrease arteriolar resistance 
and increase water permeability of the capillary wall. 
The decrease in arteriolar resistance would also in- 
crease capillary hydrostatic pressure. The increase in 
capillary hydrostatic pressure and water permeability 
leads to an increase in capillary filtration rate. 

TMP13 pp. 1 75 and 194 



9. C) An increase in shear stress in blood vessels is one 
of the major stimuli for the release of nitric oxide by 
endothelial cells. Nitric oxide increases blood flow by 
increasing cyclic guanosine monophosphate. 

TMP13 p. 208 



10. D) Angiotensin I is formed by an enzyme (renin) act- 
ing on a substrate called angiotensinogen. Angiotensin 
I is converted to angiotensin II by a converting enzyme. 
Angiotensin II also has a negative feedback effect on 
juxtaglomerular cells to inhibit renin secretion. An- 
giotensin II is a powerful vasoconstrictor and sodium- 
retaining hormone that increases arterial pressure. 
Administration of an ACE inhibitor would increase 
plasma renin concentration, decrease angiotensin II for- 
mation, enhance renal sodium excretory function, and 
decrease total peripheral resistance and arterial pressure. 

TMP13 pp. 234-235 
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11. E) An increase in the diameter of a precapillary 
arteriole would decrease arteriolar resistance. The 
decrease in arteriolar resistance would lead to an in- 
crease in vascular conductance and capillary blood 
flow, hydrostatic pressure, and filtration rate. 

TMP13 pp. 175 and 194 

12. A) Stenosis of one kidney results in the release of re- 
nin and the formation of angiotensin II from the af- 
fected kidney. Angiotensin II stimulates aldosterone 
production and increases total peripheral resistance 
by constricting most of the blood vessels in the body. 

TMP13 p. 236 

13. D) Blood flow in a vessel is directly proportional to 
the fourth power of the vessel radius. Increasing ves- 
sel diameter by 50% (1.5 x control) would increase 
blood flow 1.5 to the fourth power x normal blood 
flow (100 ml/min). Thus, blood flow would increase 
to 100 ml/min x 5.06, or approximately 500 ml/min. 

TMP13 p. 175 

14. A) In patent ductus arteriosus, a large quantity of the 
blood pumped into the aorta by the left ventricle im- 
mediately flows backward into the pulmonary artery 
and then into the lung and left atrium. The shunt- 
ing of blood from the aorta results in a low diastolic 
pressure, while the increased inflow of blood into the 
left atrium and ventricle increases stroke volume and 
systolic pressure. The combined increase in systolic 
pressure and decrease in diastolic pressure results in 
an increase in pulse pressure. 

TMP13 p. 181 

15. D) A decrease in tissue oxygen tension is thought to 
be an important stimulus for vascular endothelial 
growth factor and the growth of blood vessels in solid 
tumors. 

TMP13 pp. 209-210 

16. A) The net movement of sodium across a capillary 
wall is directly proportional to the wall permeability 
to sodium, wall surface area, and concentration gra- 
dient across the capillary wall. Thus, increases in per- 
meability to sodium, surface area, and sodium con- 
centration gradient wall would all increase the net 
movement of sodium across the capillary wall. 

TMP13 pp. 190-192 

17. A) Constriction of the carotid artery decreases blood 
pressure at the level of the carotid sinus. A decrease 
in carotid sinus pressure leads to a decrease in carotid 
sinus nerve impulses to the vasomotor center, which 
in turn leads to enhanced sympathetic nervous activ- 
ity and decreased parasympathetic nerve activity. 
The increase in sympathetic nerve activity results in 
peripheral vasoconstriction and an increase in total 
peripheral resistance and heart rate. 

TMP13 pp. 220-221 



18. E) Pulse pressure is the difference between systolic 
pressure and diastolic pressure. The two major fac- 
tors that affect pulse pressure are the stroke volume 
output of the heart and the compliance of the arterial 
tree. An increase in stroke volume increases systolic 
and pulse pressure, whereas an increase in compliance 
of the arterial tree decreases pulse pressure. Moder- 
ate aortic valve stenosis results in a decrease in stroke 
volume, which leads to a decrease in systolic pressure 
and pulse pressure. 

TMP13 pp. 180-181 

19. B) A person with atherosclerosis would be expected 
to have decreased arterial compliance. The decrease 
in arterial compliance would lead to an increase in 
systolic pressure and pulse pressure. 

TMP13 pp. 180-181 

20. B) Constriction of the carotid artery reduces blood 
pressure at the carotid bifurcation where the arte- 
rial baroreceptors are located. The decrease in arterial 
pressure activates baroreceptors, which in turn leads 
to an increase in sympathetic activity and a decrease in 
parasympathetic activity (or vagal tone). The enhanced 
sympathetic activity results in constriction of periph- 
eral blood vessels, including the kidneys. The enhanced 
sympathetic activity leads to an increase in total periph- 
eral resistance and a decrease in renal blood flow. The 
combination of enhanced sympathetic activity and de- 
creased vagal tone also leads to an increase in heart rate. 

TMP13 pp. 219-222 

21. D) Filtration rate is the product of the filtration coef- 
ficient (K f ) and the net pressure across the capillary 
wall. The net pressure for fluid movement across a 
capillary wall is promoted by increases in capillary 
hydrostatic pressure and positive interstitial colloid 
osmotic pressure, whereas negative plasma colloid 
osmotic pressure and a positive interstitial hydrostatic 
pressure oppose filtration. Thus, increased capillary 
hydrostatic pressure, decreased plasma colloid osmotic 
pressure, and increased interstitial colloid osmotic 
pressure would all promote filtration. Decreased 
arteriolar resistance would also promote filtration by 
increasing capillary hydrostatic pressure. The filtration 
coefficient is the product of capillary surface area and 
the capillary water permeability. A decrease in capil- 
lary water permeability would decrease the filtration 
coefficient and reduce the filtration rate. 

TMP13 pp. 193-194 

22. E) Solid tumors are metabolically active tissues that 
need increased quantities of oxygen and other nutri- 
ents. When metabolism in a tissue is increased for 
a prolonged period, the vascularity of the tissue also 
increases. One of the important factors that increases 
growth of new blood vessels is VEGF. Presumably, 
a deficiency of tissue oxygen or other nutrients, or 
both, leads to the formation of VEGF. 

TMP13 p. 210 
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23. A) A decrease in the diameter of a precapillary arte- 
riole increases arteriolar resistance while decreasing 
vascular conductance and capillary blood flow, hy- 
drostatic pressure, filtration rate, interstitial volume, 
and interstitial hydrostatic pressure. 

TMP13 pp. 175 and 194 

24. C) Excess secretion of aldosterone results in enhanced 
tubular reabsorption of sodium and secretion of potas- 
sium. The increased reabsorption of sodium and water 
leads to an increase in extracellular fluid volume, which 
in turn suppresses renin release by the kidney. The in- 
crease in potassium secretion leads to a decrease in 
plasma potassium concentration, or hypokalemia. 

TMP13 pp. 235-236 

25. E) The two main factors that increase lymph flow are 
an increase in capillary filtration rate and an increase in 
lymphatic pump activity. An increase in plasma colloid 
osmotic pressure decreases capillary filtration rate, in- 
terstitial volume and hydrostatic pressure, and lymph 
flow. In contrast, an increase in hydraulic conductivity 
of the capillary wall and capillary hydrostatic pressure 
increase capillary filtration rate, interstitial volume and 
pressure, and lymph flow. An increase in arteriole re- 
sistance would decrease capillary hydrostatic pressure, 
capillary filtration rate, interstitial volume and pres- 
sure, and lymph flow. 

TMP13 pp. 193-198 

26. E) According to Poiseuille’s law, flow through a ves- 
sel increases in proportion to the fourth power of the 
radius. A fourfold increase in vessel diameter (or radius) 
would increase 4 to the fourth power, or 256 times 
normal. Thus, flow through the vessel after increasing 
the vessel 4 times normal would increase from 100 to 
25,600 ml/min. 

TMP13 pp. 175-176 

27. B) Vascular resistance is equal to arterial pressure 
minus venous pressure divided by blood flow. In this 
example, arterial pressure is 125 mm Hg, venous pres- 
sure is 5 mm Hg, and blood flow is 1200 ml/min. Thus, 
vascular resistance is equal to 120/1200, or 0.10 mm 
Hg/ml/min. 

TMP13 p. 172 

28. D) The rate of blood flow is directly proportional to 
the fourth power of the vessel radius and to the pres- 
sure gradient across the vessel. In contrast, the rate of 
blood flow is inversely proportional to the viscosity of 
the blood. Thus, an increase in blood viscosity would 
decrease blood flow in a vessel. 

TMP13 pp. 175-176 

29. D) The flow in a vessel is directly proportional to the 
pressure gradient across the vessel and to the fourth 
power of the radius of the vessel. In contrast, blood 
flow is inversely proportional to the viscosity of the 
blood. Because blood flow is proportional to the 
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fourth power of the vessel radius, the vessel with the 
largest radius (vessel D) would have the greatest flow. 

TMP13 p. 176 

30. A) The arterial baroreceptors are activated in response 
to a fall in arterial pressure. During hemorrhage, the fall 
in arterial pressure at the level of the baroreceptors re- 
sults in enhanced sympathetic outflow from the vaso- 
motor center and a decrease in parasympathetic nerve 
activity. The increase in sympathetic nerve activity leads 
to constriction of peripheral blood vessels, increased 
total peripheral resistance, and a return of blood pres- 
sure toward normal. The decrease in parasympathetic 
nerve activity and sympathetic outflow would result in 
an increase in heart rate. 

TMP13 pp. 219-222 



31. A) Activation of the baroreceptors leads to an in- 
crease in sympathetic activity, which in turn increases 
heart rate, strength of cardiac contraction, and con- 
striction of arterioles and veins. The increase in venous 
constriction results in an increase in mean circulatory 
filling pressure, venous return, and cardiac output. 

TMP13 pp. 219-222 



32. E) The conversion of angiotensin I to angiotensin II 
is catalyzed by a converting enzyme that is present in 
the endothelium of the lung vessels and in the kidneys. 
The converting enzyme also serves as a kininase that 
degrades bradykinin. Thus, a converting enzyme in- 
hibitor not only decreases the formation of angiotensin 
II but also inhibits kininases and the breakdown of bra- 
dykinin. Angiotensin II is a vasoconstrictor and a pow- 
erful sodium-retaining hormone. The major cause for 
the decrease in arterial pressure in response to an ACE 
inhibitor is the decrease in formation of angiotensin II. 

TMP13 pp. 234-235 



33. G) When blood pressure falls below 80 mm Hg, 
carotid and aortic chemoreceptors are activated to elicit 
a neural reflex to minimize the fall in blood pressure. 
The chemoreceptors are chemosensitive cells that are 
sensitive to oxygen lack, carbon dioxide excess, or hy- 
drogen ion excess (or fall in pH). The signals transmitted 
from the chemoreceptors into the vasomotor center ex- 
cite the vasomotor center to increase arterial pressure. 

TMP13 p. 222 



34. D) Although sympathetic nerves, angiotensin II, and 
vasopressin are powerful vasoconstrictors, blood flow 
to skeletal muscles under normal physiological condi- 
tions is mainly determined by local metabolic needs. 

TMP13 pp. 206-208 



35. E) During exercise, tissue levels of carbon dioxide 
and lactic acid increase. These metabolites dilate 
blood vessels, decrease arteriolar resistance, and en- 
hance vascular conductance and blood flow. 

TMP13 pp. 206-207 
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36. A) The velocity of blood flow within each segment of 
the circulatory system is inversely proportional to the to- 
tal cross-sectional area of the segment. Because the aorta 
has the smallest total cross-sectional area of all circula- 
tory segments, it has the highest velocity of blood flow. 

TMP13 pp. 173-174 

37. B) Filtration rate is the product of the filtration coeffi- 
cient (K f ) and the net pressure across the capillary wall. 
The net pressure for fluid movement across a capillary 
wall = capillary hydrostatic pressure - plasma colloid 
osmotic pressure - interstitial colloid osmotic pressure 
- interstitial hydrostatic pressure. The net pressure in 
this question calculates to be 10 mm Hg, and the I< f is 
15. Thus, the filtration rate is 15 x 10, or 150 ml/min. 

TMP13 pp. 193-194 

38. A) Resistance of a vessel = pressure gradient h- blood 
flow of the vessel. In this example, vessel A has the 
highest vascular resistance (100 mm Hg/1000 ml/min, 
or 0.1 mm Hg/ ml/min). 

TMP13 p. 175 

39. C) The transport of oxygen across a capillary wall 
is proportional to the capillary surface area, capil- 
lary wall permeability to oxygen, and oxygen gradi- 
ent across the capillary wall. Thus, a twofold increase 
in the oxygen concentration gradient would result in 
the greatest increase in the transport of oxygen across 
the capillary wall. A twofold increase in intercellular 
clefts in the capillary wall would not have a signifi- 
cant impact on oxygen transport because oxygen can 
permeate the endothelial cell wall. 

TMP13 pp. 191-192 

40. A) Atrial natriuretic peptide is released from myo- 
cytes in the atria in response to increases in atrial 
pressure. 

TMP13 p. 222 

41. C) The capillaries have the largest total cross-sec- 
tional area of all vessels of the circulatory system. The 
venules also have a relatively large total cross-sec- 
tional area, but not as great as the capillaries, which 
explains the large storage of blood in the venous sys- 
tem compared with that in the arterial system. 

TMP13 pp. 172-173 

42. D) An increase in atrial pressure would also increase 
plasma levels of atrial natriuretic peptide, which in 
turn would decrease plasma levels of angiotensin II 
and aldosterone and increase sodium excretion. 

TMP13 pp. 222-223 

43. C) An increase in perfusion pressure to a tissue re- 
sults in excessive delivery of nutrients such as oxygen 
to a tissue. The increase in tissue oxygen concentra- 
tion constricts arterioles and returns blood flow and 
nutrient delivery toward normal levels. 

TMP13 pp. 206-207 



44. C) The percentage of total blood volume in the veins 
is approximately 64%. 

TMP13 p. 169 

45. B) Constriction of the renal artery increases release 
of renin, formation of angiotensin II and aldosterone, 
and arterial pressure. A 50% reduction in renal artery 
pressure would be below the range of renal autoregu- 
lation and would result in a decrease in the glomeru- 
lar filtration rate. 

TMP13 p. 238 

46. B) An increase in plasma colloid osmotic pressure 
would reduce net filtration pressure and capillary fil- 
tration rate. Increases in capillary hydrostatic pres- 
sure and interstitial colloid osmotic pressure would 
also favor capillary filtration. An increase in venous 
hydrostatic pressure and arteriolar diameter would 
tend to increase capillary hydrostatic pressure and 
capillary filtration rate. 

TMP13 pp. 193-197 

47. D) An increase in sodium intake would result in an in- 
crease in sodium excretion to maintain sodium balance. 
Conversely, potassium excretion would only transiently 
increase after an increase in sodium intake. Angioten- 
sin II and aldosterone would decrease in response to 
a chronic elevation in sodium intake, whereas plasma 
atrial natriuretic peptide levels would increase. 

TMP13 pp. 236-237 

48. C) The rate of lymph flow increases in proportion to 
the interstitial hydrostatic pressure and the lymphatic 
pump activity. A decrease in plasma colloid osmotic 
pressure would increase filtration rate, interstitial 
volume, interstitial hydrostatic pressure, and lymph 
flow. A decrease in arteriolar diameter would de- 
crease capillary hydrostatic pressure, capillary filtra- 
tion, and lymph flow. 

TMP13 pp. 193-200 

49. D) Nitric oxide is a potent vasodilator and natri- 
uretic substance. Thus, a reduction in nitric oxide 
production would result in an increase in arterial 
pressure. In contrast, angiotensin II, thromboxane, 
and aldosterone are vasoconstrictor and/or antinatri- 
uretic factors. A decrease in the production of these 
factors would tend to decrease arterial pressure. 

TMP13 p. 239 

50. E) The brain has tight junctions between capillary 
endothelial cells that allow only extremely small mol- 
ecules such as water, oxygen, and carbon dioxide to 
pass in or out of the brain tissues. 

TMP13 p. 190 

51. D) The Cushing reaction is a special type of CNS 
ischemic response that results from increased pres- 
sure of the cerebrospinal fluid around the brain in the 
cranial vault. When the cerebrospinal fluid pressure 
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rises, it decreases the blood supply to the brain and 
elicits a CNS ischemic response. The CNS ischemic 
response includes enhanced sympathetic activity, de- 
creased parasympathetic activity, and increased heart 
rate, arterial pressure, and total peripheral resistance. 

TMP13 p. 223 

52. B) The factors that determine the net movement of 
glucose across a capillary wall include the wall perme- 
ability to glucose, the glucose concentration gradient 
across the wall, and the capillary wall surface area. Thus, 
an increase in the concentration difference of glucose 
across the wall would enhance the net movement of 
glucose. 

TMP13 pp. 191-192 

53. E) An increase in atrial pressure of 10 mm Hg would 
tend to decrease venous return to the heart and in- 
crease vena cava hydrostatic pressure. Plasma colloid 
osmotic pressure, interstitial colloid osmotic pres- 
sure, arterial pressure, and cardiac output would gen- 
erally be low to normal in this patient. 

TMP13 pp. 184-185 

54. A) An increase in renal arterial pressure results in 
increases in sodium and water excretion. Normally, 
glomerular filtration rate would be normal or slightly 
increased in response to an increase in renal artery 
pressure. However, in the absence of an intact tubu- 
loglomerular feedback system, an important renal 
autoregulatory mechanism, an increase in renal 
artery pressure would result in significant increases 
in glomerular filtration rate. 

TMP13 pp. 227-228 

55. C) The vascular compliance is proportional to the 
vascular distensibility and the vascular volume of any 
given segment of the circulation. The compliance of 
a systemic vein is 24 times that of its corresponding 
artery because it is about 8 times as distensible and 
has a volume about 3 times as great. 

TMP13 p. 179 

56. C) The difference between systolic pressure and dia- 
stolic pressure is called the pulse pressure. The two main 
factors that affect pulse pressure are stroke volume and 
arterial compliance. Pulse pressure is directly propor- 
tional to the stroke volume and inversely proportional 
to the arterial compliance. Thus, a decrease in arterial 
compliance would tend to increase pulse pressure. 

TMP13 pp. 180-181 

57. B) Filtration coefficient (Kf) = filtration rate -h net 
filtration pressure. Net filtration pressure = capillary 
hydrostatic pressure - plasma colloid osmotic pressure 
+ interstitial colloid osmotic pressure - interstitial 
hydrostatic pressure. The net filtration pressure in 
this example is 10 mm Hg. Thus, Kf = 150 ml/min -s- 
10 mm Hg, or 15 ml/min/mm Hg. 

TMP13 pp. 193-198 



58. B) Moving from a supine to a standing position 
results in pooling of blood in the lower extremities 
and a fall in blood pressure. The pooling of blood in 
the legs increases venous hydrostatic pressure. The fall 
in arterial pressure activates the arterial baroreceptors, 
which in turn increases sympathetic nerve activity and 
decreases parasympathetic nerve activity. The increase 
in sympathetic activity constricts renal vessels and 
reduces renal blood flow. The heart rate also increases. 

TMP13 pp. 219-222 

59. D) Reduction in perfusion pressure to a tissue leads to a 
decrease in tissue oxygen concentration and an increase 
in tissue carbon dioxide concentration. Both events lead 
to an increase in arteriolar diameter, decreased vascular 
resistance, and increased vascular conductance. 

TMP13 pp. 206-207 

60. B) Because oxygen is lipid soluble and can cross 
the capillary wall with ease, it has the fastest rate of 
movement across the capillary wall. The ability of 
lipid-insoluble substances such as sodium, albumin, 
and glucose to move across a capillary wall depends 
on the permeability of the capillary to lipid-insoluble 
substances. Because the capillary wall is relatively 
impermeable to albumin, it has the slowest rate of net 
movement across the capillary wall. 

TMP13 pp. 191-192 

61. A) An increase in capillary wall permeability to 
water would increase capillary filtration rate, whereas 
increases in arteriolar resistance, plasma colloid 
osmotic pressure, and interstitial hydrostatic pres- 
sure would all decrease filtration rate. Plasma sodium 
concentration would have no effect on filtration. 

TMP13 pp. 193-198 

62. D) The tendency for turbulent flow occurs at vascu- 
lar sites where the velocity of blood flow is high. The 
aorta has the highest velocity of blood flow. 

TMP13 pp. 175-176 

63. E) Total peripheral vascular resistance = arterial pres- 
sure - right atrial pressure -h cardiac output. In this ex- 
ample, total peripheral vascular resistance = 130 mm 
Hg 4- 3.5 L/min, or approximately 37 mm Hg/L/min. 

TMP13 pp. 175-176 

64. C) Interstitial hydrostatic pressure in a muscle cap- 
illary bed is normally negative (-3 mm Hg). Pumping 
by the lymphatic system is the basic cause of the nega- 
tive pressure. 

TMP13 p. 195 

65. A) The two main factors that affect pulse pressure 
are stroke volume and arterial compliance. Increases 
in stroke volume increase pulse pressure, whereas 
an increase in arterial compliance decreases pulse 
pressure. Hemorrhage and decreased venous return 
would decrease stroke volume and pulse pressure. In 
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patients with patent ductus, stroke volume and pulse 
pressure are increased as a result of shunting of blood 
from the aorta to the pulmonary artery. 

TMP13 pp. 180-181 

66. D) The primary mechanism whereby solutes move 
across a capillary wall is simple diffusion. 

TMP13 p. 191 

67. C) Movement of the leg muscles causes blood to flow 
toward the vena cava, which reduces venous hydrostatic 
pressure. An increase in right atrial pressure would 
decrease venous return and increase venous hydrostatic 
pressure. Pregnancy and the presence of ascitic fluid 
in the abdomen would tend to compress the vena cava 
and increase venous hydrostatic pressure in the legs. 

TMP13 pp. 184-185 

68. A) Nitric oxide is a vasodilator that is believed to play 
a role in regulating blood flow. Infusion of a nitric oxide 
donor into the brachial artery would increase arteriolar 
diameter and decrease arteriolar resistance. The 
decrease in arteriolar resistance would also result in an 
increase in capillary hydrostatic pressure and filtration 
rate. The increase in filtration rate leads to an increase 
in interstitial hydrostatic pressure and lymph flow. 

TMP13 pp. 170-171,200-201 

69. D) In persons with decompensated heart failure, 
the kidneys retain sodium and water, which causes 
a weight gain and an increase in blood volume. This 
effect increases the mean systemic filling pressure, 
which also stretches the heart. Therefore, a decreased 
mean systemic filling pressure does not occur in de- 
compensated heart failure. The excess blood volume 
often will overstretch the sarcomeres of the heart, 
which will prevent them from achieving their maximal 
tension. An excess central fluid volume also results in 
orthopnea, which is the inability to breathe properly 
except in the upright position. 

TMP13 pp. 273-275 

70. A) During progressive hemorrhagic shock, the vaso- 
motor center often fails, thus reducing sympathetic 
output. Decreases in arterial pressure will reduce 
urine output. Decreased blood flow throughout the 
body causes acidosis because of decreased removal 
of carbon dioxide. In progressive shock due to hem- 
orrhage, capillary permeability increases and mean 
systemic filling pressure decreases. 

TMP13 p. 296 

71. C) With an overdose of furosemide there is a large loss 
of sodium and water from the body, resulting in dehy- 
dration and sometimes shock. The optimal therapy is 
to replenish the electrolytes that were lost as a result of 
the overdose of the furosemide. Therefore, infusion of 
a balanced electrolyte solution is the therapy of choice. 

TMP13 pp. 301-302 



72. C) Severe vomiting can lead to a large loss of sodium 
and water from the body, resulting in dehydration 
and sometimes shock. The best therapy is to replenish 
the depleted sodium and water lost by vomiting. 
Therefore, infusion of a balanced electrolyte solution 
is the therapy of choice. 

TMP13 pp. 301-302 

73. C) The formula for resistance to venous return is 
mean systemic filling pressure - right atrial pressure/ 
cardiac output. In this example the mean systemic 
filling pressure is 7 mm Hg and the right atrial pressure 
is 0 mm Hg. The cardiac output is 5 L/min. Using 
these values in the previous formula indicates that 
the resistance to venous return is 1.4 mm Hg/L/min. 
Note that this formula only applies to the linear portion 
of the venous return curve. 

TMP13 pp. 253-254 

74. A) During increases in sympathetic output to maxi- 
mal values, several changes occur. First, the mean sys- 
temic filling pressure increases markedly, but at the 
same time the resistance to venous return increases. 
Venous return is determined by the following formula: 
mean systemic filling pressure - right atrial pressure/ 
resistance to venous return. During maximal sympa- 
thetic output, the increase in systemic filling pressure 
is greater than the increase in resistance to venous re- 
turn. Therefore, in this formula the numerator has a 
much greater increase than the denominator, which 
results in an increase in the venous return. 

TMP13 p. 255 

7 5. C) This problem concerns the Fick principle for de- 
termining cardiac output. The formula for cardiac 
output is oxygen absorbed per minute by the lungs 
divided by the arterial-venous oxygen difference. In 
this problem, oxygen consumption of the body is 240 
ml/min, and in a steady-state condition, this would 
exactly equal the oxygen absorbed by the lungs. 
Therefore, by inserting these values into the equation, 
we see that the cardiac output will equal 12 L/min. 

TMP13 p. 257 

76. A) A shift to the right in the cardiac output curve 
involves an increase in the normal intrapleural pres- 
sure of -4 mm Hg. Changing intrapleural pressure to 
- 1 mm Hg will shift the curve to the right. Changing 
mean systemic filling pressure does not change the 
cardiac output curve. Taking a patient off of a ventilator, 
decreasing intrapleural pressure to -7 mm Hg, and 
breathing against a negative pressure will shift the 
cardiac output curve to the left. 

TMP13 p. 250 

77. C) Several factors can cause the cardiac output to shift 
to the right or to the left. Among those are surgically 
opening the chest, which makes the cardiac output 
curve shift 4 mm Hg to the right, and severe cardiac 
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tamponade, which increases the pressure inside the 
pericardium, thus tending to collapse the heart, partic- 
ularly the atria. Playing a trumpet or positive pressure 
breathing tremendously increases the intrapleural pres- 
sure, thus collapsing the atria and shifting the cardiac 
output curve to the right. Breathing against a negative 
pressure will shift the cardiac output curve to the left. 

TMP13 p. 250 

78. E) The plateau level of the cardiac output curve, 
which is one measure of cardiac contractility, de- 
creases in several circumstances. Some of these 
circumstances include severe cardiac tamponade, 
which increases the pressure in the pericardial space, 
and increasing parasympathetic stimulation of the 
heart. Increased sympathetic stimulation of the heart 
increases the level of the cardiac output curve by in- 
creasing heart rate and contractility. 

TMP13 p. 247 

79. B) Cardiac output increases in several conditions 
because of increased venous return. A-V fistulae also 
cause a decreased resistance to venous return, thus in- 
creasing cardiac output. Cardiac output decreases in 
patients with hypovolemia, severe aortic regurgitation, 
and polycythemia. The hematocrit level is high in poly- 
cythemia, which increases resistance to venous return. 

TMP13 pp. 255-256 

80. D) Mean systemic filling pressure is a measure of the 
tightness of fit of the blood in the circulation. Mean 
systemic filling pressure is increased by factors that in- 
crease blood volume and decrease the vascular com- 
pliance. Therefore, an decreased venous compliance, 
not an increased compliance, would cause an increase 
in mean systemic filling pressure. Norepinephrine 
administration and sympathetic stimulation cause 
arteriolar vasoconstriction and decreased vascular 
compliance, resulting in an increase in mean systemic 
filling pressure. Increased blood volume and skeletal 
muscle contraction, which cause a contraction of the 
vasculature, also increase this filling pressure. 

TMP13 pp. 252-253 

81. A) An increase in venous resistance will increase re- 
sistance to venous return to a greater degree than an 
increase in arterial resistance. Venous return of the 
heart is equal to the mean systemic filling pressure mi- 
nus the right atrial pressure divided by the resistance to 
venous return. Parasympathetic stimulation does not 
affect resistance to venous return, and sympathetic in- 
hibition will reduce resistance to venous return. 

TMP13 pp. 253-254 

82. A) Anemia will decrease resistance to venous return 
because of arteriolar dilation. The following mecha- 
nisms increase resistance to venous return: increased 
venous resistance, increased arteriolar resistance, in- 
creased sympathetic output, and obstruction of veins. 

TMP13 pp. 253-254 



83. D) Decreased cardiac output can result from a weak- 
ened heart or from a decrease in venous return. In- 
creased venous compliance decreases the venous 
return of blood to the heart. Cardiac tamponade, surgi- 
cally opening the chest, and severe aortic stenosis will 
effectively weaken the heart and thus decrease cardiac 
output. Moderate anemia will cause an arteriolar vaso- 
dilation, which increases venous return of blood back 
to the heart, thus increasing cardiac output. 

TMP13 pp. 249,255 

84. E) Cardiac output increases in several conditions 
because of increased venous return. Cardiac output 
increases in hyperthyroidism because of the increased 
oxygen use by the peripheral tissues, resulting in arte- 
riolar vasodilation and thus increased venous return. 
Beriberi causes increased cardiac output because 
a lack of the vitamin thiamine results in peripheral 
vasodilation. A-V fistulae also cause a decreased resis- 
tance to venous return, thus increasing cardiac output. 
Anemia, because of the decreased oxygen delivery 
to the tissues, causes an increase in venous return to 
the heart and thus an increase in cardiac output. Car- 
diac output decreases in patients with myocardial 
infarction. 

TMP13 pp. 248-249 

85. B) During exercise there is very little change in ce- 
rebral blood flow, and coronary blood flow increases. 
Because of the increased sympathetic output, mean 
systemic filling pressure increases and the veins 
constrict. During exercise there is also a decrease in 
parasympathetic impulses to the heart. 

TMP13 pp. 255, 260 

86. C) The plateau level of the cardiac output curve, 
which is one measure of cardiac contractility, decreases 
in several circumstances. Some of these include myo- 
carditis, severe cardiac tamponade that increases the 
pressure in the pericardial space, myocardial infarction, 
and various valvular diseases such as mitral stenosis. 
Decreased parasympathetic stimulation of the heart 
actually moderately increases the level of the cardiac 
output curve by increasing the heart rate. 

TMP13 p. 247 

87. A) During increases in sympathetic output, the 
main two organs that maintain their blood flow are 
the brain and the heart. During exercise for 1 hour, 
the intestinal flow decreases significantly, as does the 
renal and pancreatic blood flows. The skeletal muscle 
blood flow to non-exercising muscles also decreases 
at this time. Therefore, the cerebral blood flow remains 
close to its control value. 

TMP13 p. 260 

88. B) Several factors decrease the risk of adverse car- 
diac events, including decreased levels of LDL, female 
gender, moderate hypotension, and decreased levels 
of triglycerides. Decreased levels of HDL will 
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increase cardiac risks because HDL is a protective 
cholesterol. 

TMP13 pp. 264-265 

89. A) Although bradykinin, prostaglandins, carbon 
dioxide, and potassium ions serve as vasodilators 
for the coronary artery system, the major control- 
ler of coronary blood flow is adenosine. Adenosine 
is formed as adenosine triphosphate degrades to 
adenosine monophosphate. Small portions of the ad- 
enosine monophosphate are then further degraded 
to release adenosine into the tissue fluids of the heart 
muscle, and this adenosine vasodilates the coronary 
arteries. 

TMP13 p. 263 

90. E) Sympathetic stimulation directly increases the 
strength of cardiac contraction and increases the 
heart rate. In this way the plateau of the Starling 
curve elevates. Surgically opening the chest and under- 
going mechanical ventilation shifts the cardiac output 
curve to the right. Cardiac tamponade rotates the 
curve downward, and parasympathetic stimulation 
depresses the curve. 

TMP13 p. 260 

91. C) The normal resting coronary blood flow is approxi- 
mately 225 ml/ min. Infusion of adenosine or local release 
of adenosine normally increases the coronary blood 
flow. The contraction of the cardiac muscle around the 
vasculature, particularly in the subendocardial vessels, 
causes a decrease in blood flow. Therefore, during the 
systolic phase of the cardiac cycle, the subendocardial 
flow clearly decreases, while the decrease in epicardial 
flow is relatively minor. 

TMP13 p. 263 

92. D) Several factors cause arteriolar vasodilation 
during exercise, including increases in potassium 
ion concentration, plasma nitric oxide concentra- 
tion, plasma adenosine concentration, and plasma 
osmolality. Although histamine causes arteriolar 
vasodilation, histamine release does not normally 
occur during exercise. 

TMP13 p. 259 

93. A) At the beginning of exercise, increases in sympa- 
thetic stimulation of the heart strengthens the heart 
and increases the heart rate. Coronary and cerebral 
blood flow are spared from any decrease. Reverse 
stress relaxation does not occur. Venous constriction 
occurs, not dilation. 

TMP13 p. 260 

94. B) The anterior cardiac veins and the thebesian veins 
both drain venous blood from the heart. However, 
75% of the total coronary flow drains from the heart 
by the coronary sinus. 

TMP13 p. 262 



95. E) Several drugs have proven to be helpful to patients 
with myocardial ischemia. Beta receptor blockers (not 
stimulators) inhibit the sympathetic effects on the 
heart and are very helpful. ACE inhibition prevents 
the production of angiotensin II and thus decreases 
the afterload effect on the heart. Nitroglycerin causes 
nitric oxide release, resulting in coronary vasodilation. 
Isometric exercise increases blood pressure markedly 
and can be harmful, and increased dietary calcium 
would be of little benefit. 

TMP13 p. 269 

96. C) During exercise the sympathetic output increas- 
es markedly, which causes arteriolar constriction in 
many places of the body, including non-exercising 
muscle. The increased sympathetic output also 
causes venoconstriction throughout the body. Dur- 
ing exercise there also is an increased release of nor- 
epinephrine and epinephrine by the adrenal glands. 

TMP13 pp. 260-261 

97. B) Several factors contribute to decreased coronary 
flow in patients with ischemic heart disease. Some 
patients will have spasm of the coronary arteries, which 
acutely decreases coronary flow. However, the major 
cause of decreased coronary flow is an atherosclerotic 
narrowing of the lumen of the coronary arteries. 

TMP13 p. 264 

98. C) Increased sympathetic stimulation excites the 
cardiac myocytes and makes them much more suscep- 
tible to fibrillation. High (not low) potassium increases 
fibrillation tendency. An increase (not a decrease) in 
ventricular diameter will allow the cardiac muscle 
to be out of the refractory period when the cardiac 
impulse next arrives and can increase the tendency 
to fibrillate. A low adenosine level will probably only 
cause some coronary constriction. Decreased para- 
sympathetics will allow the heart rate to increase and 
has little to do with fibrillation. 

TMP13 p. 268 

99. A) In a patient with angina due to myocardial isch- 
emia, oxygen use by the heart must be minimized. Oxy- 
gen use can be minimized with ACE inhibition, which 
decreases angiotensin II formation. This will reduce the 
arterial pressure and decrease myocardial tension and 
oxygen use. The use of beta sympathetic blockers (not 
stimulation) will inhibit the effects of excess sympa- 
thetic output on the heart, thus reducing wall tension 
and oxygen use. Isometric exercise should be avoided 
because of the large increase in arterial pressure that 
occurs. Chelation therapy with EDTA and increased 
dietary calcium have little to do with cardiac function. 

TMP13 p. 269 

100. C) The major causes of death after myocardial in- 
farction include a decrease in cardiac output that 
prevents tissues of the body from receiving adequate 
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nutrition and oxygen delivery and prevents removal 
of waste materials. Other causes of death are pulmo- 
nary edema, which reduces the oxygenation of the 
blood, fibrillation of the heart, and rupture of the 
heart. Cardiac contractility decreases after a myocar- 
dial infarction. 

TMP13 p. 266 

101. E) During sympathetic stimulation, venous reservoirs 
constrict, venous vascular resistance also increases, 
arterioles constrict (which increases their resistance), 
and the heart rate increases. The epicardial coronary 
vessels have a large number of alpha receptors, but 
the subendocardial vessels have more beta receptors. 
Therefore, sympathetic stimulation causes at least a 
slight constriction of the epicardial vessels. This results 
in a slight decrease in epicardial flow. 

TMP13 pp. 260-261,263 

102. E) Several factors change during compensated heart 
failure to stabilize the circulatory system. Because of 
increased sympathetic output, the heart rate in- 
creases during compensated heart failure. The kidneys 
retain sodium and water, which increases blood volume 
and thus right atrial pressure. The increased blood 
volume that results causes an increase in mean systemic 
filling pressure, which will help to increase the cardiac 
output. Dyspnea usually will occur only in the early 
stages of compensated failure. 

TMP13 pp. 271-272 

103. E) In unilateral left heart failure, the kidneys retain 
sodium and water and thus increase blood volume 
and the pulmonary veins, in turn, become congested. 
Therefore, mean pulmonary filling pressure, pulmo- 
nary wedge pressure, and left atrial pressure increase. 
In contrast, in right heart failure, right atrial pressure 
increases and edema of the lower extremities, including 
the feet and ankles, occurs. 

TMP13 p. 275 

104. A) In compensated heart failure, an increased release 
of angiotensin II also occurs, which causes direct 
renal sodium retention and also stimulates aldosterone 
secretion that will, in turn, cause further increases in 
sodium retention by the kidneys. Because of the low 
arterial pressure that occurs in compensated heart 
failure, the sympathetic output increases. One of the 
results is a sympathetic vasoconstriction (not vaso- 
dilation) of the afferent arterioles of the kidney. This 
decreases the glomerular hydrostatic pressure and 
the glomerular filtration rate, resulting in an increase 
in sodium and water retention in the body. The excess 
sodium in the body will increase osmolality, which 
increases the release of antidiuretic hormone, which 
causes renal water retention (but not sodium 
retention). 

TMP13 p. 276 



105. C) During acute pulmonary edema, the increased 
fluid in the lungs diminishes the oxygen content in 
the blood. This decreased oxygen weakens the heart 
even further and also causes arteriolar dilation in 
the body. This results in increases in venous return 
of blood to the heart, which cause further leakage of 
the fluid in the lungs and further decreases in oxy- 
gen content in the blood. It is important to interrupt 
this vicious circle to save a patient’s life. This can be 
interrupted by placing tourniquets on all four limbs, 
which effectively removes blood volume from the 
chest. The patient can also breathe oxygen, and a 
bronchodilator can be administered. Furosemide can 
be administered to reduce some of the fluid volume 
in the body and especially in the lungs. One thing you 
do not want to do is infuse whole blood or an electro- 
lyte solution in this patient because it may exacerbate 
the pulmonary edema that is already present. 

TMP13 p. 277 

106. D) Cardiogenic shock results from a weakening of 
the cardiac muscle many times after coronary throm- 
bosis, which can result in a vicious circle because of 
low cardiac output resulting in a low diastolic pres- 
sure. This causes a decrease in coronary flow, which 
decreases the cardiac strength even more. Therefore, 
arterial pressure, particularly diastolic pressure, must 
be increased in patients with cardiogenic shock with 
either vasoconstrictors or volume expanders. In this 
patient the best answer is to infuse plasma. Placing 
tourniquets on all four limbs decreases the central 
blood volume, which would worsen the condition of 
the patient in shock. 

TMP13 p. 275 

107. B) This patient has a resting cardiac output of 4 L / 
min, and his cardiac reserve is 300% of this resting car- 
diac output or 12 L/min. This gives a total maximum 
cardiac output of 16 L/min. Therefore, the cardiac 
reserve is the percentage increase that the cardiac 
output can be elevated over the resting cardiac output. 

TMP13 p. 277 

108. B) Several factors cause sodium retention dur- 
ing heart failure, including aldosterone release, de- 
creased glomerular filtration rate, and an increased 
angiotensin II release. A decrease in mean arterial 
pressure also results in decreases in glomerular hy- 
drostatic pressure and causes a decrease in renal so- 
dium excretion. During heart failure, blood volume 
increases, resulting in an increased cardiac stretch. 
In particular, the atrial pressure increases, causing 
a release of atrial natriuretic factor, resulting in an 
increase in renal sodium excretion. 

TMP13 p. 276 

109. D) There is a vicious circle of cardiac deterioration 
in cardiogenic shock. A weakened heart causes a 
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decreased cardiac output, which decreases arterial 
pressure. The decreased arterial pressure, particu- 
larly the decrease in diastolic pressure, decreases the 
coronary blood flow and further weakens the heart 
and thus further decreases cardiac output. The ther- 
apy of choice for a patient in cardiogenic shock is 
to increase the arterial pressure either with a vaso- 
constrictor drug or with a volume-expanding drug. 
Placing tourniquets on the four limbs, withdrawing a 
moderate amount of blood, or administering furose- 
mide decreases the thoracic blood volume and thus 
worsens the condition of the patient in cardiogenic 
shock. 

TMP13 p. 275 

110. A) In unilateral right heart failure, the right atrial 
pressure decreases and the overall cardiac output 
decreases, which results in a decrease in arterial pres- 
sure and urinary output. However, left atrial pressure 
does not increase but in fact decreases. 

TMP13 p. 275 

111. B) During compensated heart failure, many factors 
combine to increase cardiac output so it returns to 
normal. The kidneys decrease their urinary output 
of sodium and water to increase the blood volume. 
This action, when combined with a depressed cardiac 
output curve, will increase right atrial pressure. Mean 
systemic filling pressure increases (not decreases), 
and the venous return of blood back toward the 
heart thus increases right atrial pressure. Heart rate 
is normal, and sweating and dyspnea are absent in the 
chronic stages of compensated failure. 

TMP13 pp. 274-275 

112. A) Reduction of fluid in the lungs can prevent rap- 
id deterioration in patients with acute pulmonary 
edema. Furosemide causes venodilation, which re- 
duces thoracic blood volume and acts as a powerful 
diuretic. These both reduce excess fluid in the lungs. 
Blood can actually be removed in moderate quanti- 
ties from the patient to decrease the volume of blood 
in the chest. Patients should also breathe oxygen to 
increase the oxygen levels in the blood. However, 
they should never be given a volume expander, such 
as saline, plasma, whole blood, or dextran, because it 
could worsen the pulmonary edema. Norepinephrine 
would be of little help in treating pulmonary edema. 

TMP13 pp. 277-278 

113. B) In compensated heart failure, mean systemic fill- 
ing pressure increases because of hypervolemia, and 
cardiac output is often at normal values. The patient 
has air hunger, called dyspnea, and excess sweating 
occurs in the early phases of compensated heart 
failure. However, right atrial pressure becomes elevated 
to very high values in these patients and is a hallmark 
of this disease. 

TMP13 pp. 272-273 



114. B) Mean systemic pressure is increased by factors 
that increase blood volume or decrease vascular capa- 
city. Sympathetic inhibition and venous dilation both 
decrease the mean systemic filling pressure. In con- 
gestive heart failure, the kidneys retain great quanti- 
ties of sodium and water, resulting in an increase in 
blood volume, which causes large increases in mean 
systemic filling pressure. 

TMP13 p. 272 

115. A) During compensated heart failure, release of 
angiotensin II and aldosterone is increased, causing 
the kidneys retain sodium and water, which increases 
the blood volume in the body and the venous return 
of blood to the heart. This situation results in an in- 
crease in right atrial pressure. Increased sympathetic 
output during compensated heart failure will increase 
heart rate. Air hunger, called dyspnea, occurs during 
any type of exertion. The patient also has orthopnea, 
which is the air hunger that occurs from being in a 
recumbent position. 

TMP13 pp. 272-274 

116. B) During decompensated heart failure, cardiac out- 
put decreases because of weakness of the heart and 
edema of the cardiac muscle. Pressures in the pulmo- 
nary capillary system increase, including the pul- 
monary capillary pressure and the mean pulmonary 
filling pressure. Depletion of norepinephrine in the 
endings of the cardiac sympathetic nerves is another 
factor that causes weakness of the heart. 

TMP13 pp. 273-274 

117. D) In decompensated heart failure, the kidneys retain 
sodium and water, which causes a weight gain and an 
increase in blood volume. This situation increases the 
mean systemic filling pressure, which also stretches 
the heart. Therefore, a decreased mean systemic filling 
pressure does not occur in decompensated heart fail- 
ure. The excess blood volume often overstretches the 
sarcomeres of the heart, which prevents them from 
achieving their maximal tension. An excess central fluid 
volume also results in orthopnea, which is the inability 
to breathe properly except in the upright position. 

TMP13 pp. 273-274 

118. C) The mean electrical axis of the QRS of this patient 
is shifted rightward to 170 degrees, which indicates 
that the right side of the heart is involved. Both aortic 
stenosis and mitral regurgitation will cause a leftward 
shift of the QRS axis. Mitral stenosis will not affect 
the left ventricle, but in severe enough circumstances 
it could cause an increase in pulmonary artery pres- 
sure, which would cause an increase in pulmonary 
capillary pressure at the same time. Tricuspid stenosis 
will not affect the right ventricle. Therefore, pulmo- 
nary valve stenosis is the only condition that fits this 
set of symptoms. 

TMP13 pp. 285-286 
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119. A) The fourth heart sound occurs at the end of dias- 
tole and is caused by inrushing of blood into the ven- 
tricles due to atrial contraction. The first heart sound 
is caused by closing of the A-V valves. The closing of 
the aortic and pulmonary valves at the end of systole 
causes the second heart sound. This initiates a vibra- 
tion throughout the ventricles, aorta, and pulmonary 
artery. The third heart sound is caused by inrushing 
of blood into the ventricles in the early to middle part 
of diastole. 

TMP13 p. 284 

120. B) Blowing murmurs of relatively high pitch are usu- 
ally murmurs associated with valvular insufficiency. 
The key pieces of data to identify this murmur are 
the systolic and diastolic pressures. Aortic valve re- 
gurgitation typically has a high pulse pressure, which 
is the systolic - the diastolic pressure, and in this case 
is 100 mm Hg. Also notice that the diastolic pressure 
decreases to very low values of 40 mm Hg as the 
blood leaks back into the left ventricle. 

TMP13 pp. 285-286 

121. E) Left ventricular hypertrophy occurs when the left 
ventricle either has to produce high pressure or when 
it pumps extra volume with each stroke. During aortic 
regurgitation, extra blood leaks back into the ventricle 
during the diastolic period. This extra volume must 
be expelled during the next heartbeat. During mitral 
regurgitation, some blood gets pumped out into the 
aorta, while at the same time blood leaks back into 
the left atrium. Therefore, the left ventricle is pumping 
extra volume with each heartbeat. During aortic 
stenosis, the left ventricle must contract very strongly, 
producing high wall tension to increase the aortic 
pressure to the values high enough to expel blood into 
the aorta. During mitral stenosis the ventricle is normal 
because the atrium produces the extra pressure to get 
blood through the stenotic mitral valve. 

TMP13 pp. 285-286 

122. E) Several diastolic murmurs can be heard easily 
with a stethoscope. During diastole, aortic and pul- 
monary valve regurgitation occur through the insuf- 
ficient valves causing the heart murmur at this time. 
Tricuspid and mitral stenosis are diastolic murmurs 
because blood flows through the restricted valves 
during the diastolic period. Patent ductus arteriosus 
is heard in both systole and diastole. 

TMP13 pp. 285-286 

123. C) Aortic stenosis has a very high ventricular systolic 
pressure. Diastolic filling of the ventricle requires a 
much higher left atrial pressure. However, tricuspid 
stenosis and regurgitation, pulmonary valve regurgi- 
tation, and pulmonary stenosis are associated with an 
increase in right atrial pressure and should not affect 
pressure in the left atrium. 

TMP13 pp. 285-286 
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124. B) This patient has a QRS axis of -45 degrees, indi- 
cating a leftward axis shift. In other words, the left 
side of the heart is enlarged. In aortic valve stenosis 
the left side of the heart is enlarged because of the 
extra tension the left ventricular walls must exert to 
expel blood out the aorta. Therefore, these symptoms 
fit with a patient with aortic stenosis. In pulmonary 
valve stenosis, the right side of the heart hypertro- 
phies, and in mitral valve stenosis there is no left ven- 
tricular hypertrophy. In tricuspid valve regurgitation, 
the right side of the heart enlarges, and in tricuspid 
valve stenosis, no ventricular hypertrophy occurs. 

TMP13 pp. 285-286 



125. C) This patient has a heart murmur heard maximally 
in the “pulmonary area of cardiac auscultation.” The 
high pitch indicates regurgitation. The rightward axis 
shift indicates that the right side of the heart has 
hypertrophied. The two choices that have a rightward 
axis shift are pulmonary valve regurgitation and tetra- 
logy of Fallot. In tetralogy of Fallot, the arterial blood 
oxygen content is low, which is not the case with this 
patient. Therefore, pulmonary valve regurgitation is 
the correct answer. 

TMP13 pp. 285-286 



126. A) Right ventricular hypertrophy occurs when the 
right heart has to pump a higher volume of blood or 
pump it against a higher pressure. Tetralogy of Fallot 
is associated with right ventricular hypertrophy be- 
cause of the increased pulmonary valvular resistance, 
and this also occurs during pulmonary artery stenosis. 
Tricuspid insufficiency causes an increased stroke 
volume by the right heart, which causes hypertrophy. 
However, tricuspid stenosis does not affect the right 
ventricle. 

TMP13 pp. 289-290 



127. E) Mitral stenosis is heard during diastole only. Aortic 
stenosis, tricuspid valve regurgitation, interventricular 
septal effect, and patent ductus arteriosis are clearly 
heard during systole. However, patent ductus arteriosus 
is also heard during diastole. 

TMP13 p. 285 



128. A) In tetralogy of Fallot, there is an interventricular 
septal defect as well as stenosis of either the pulmo- 
nary artery or the pulmonary valve. Therefore, it is 
very difficult for blood to pass into the pulmonary 
artery and into the lungs to be oxygenated. Instead 
the blood partially shunts to the left side of the heart, 
thus bypassing the lungs. This situation results in low 
arterial oxygen content. 

TMP13 pp. 289-290 



129. B) The first heart sound by definition is always asso- 
ciated with the closing of the A-V valves. The heart 
sounds are usually not associated with opening of any 
of the valves but with the closing of the valves and 
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the associated vibration of the blood and the walls of 
the heart. One exception is an opening snap in some 
mitral valves. 

TMP13 pp. 283-284 

130. B) In tetralogy of Fallot, an interventricular septal 
defect and increased resistance in the pulmonary 
valve or pulmonary artery cause partial blood shunt- 
ing toward the left side of the heart without going 
through the lungs. This situation results in a severely 
decreased arterial oxygen content. The interventric- 
ular septal defect causes equal systolic pressures in 
both cardiac ventricles, which causes right ventricu- 
lar hypertrophy and a wall thickness very similar to 
that of the left ventricle. 

TMP13 pp. 289-290 

131. C) Mitral regurgitation and aortic stenosis are mur- 
murs heard during the systolic period. A ventricular 
septal defect murmur is normally heard only during 
the systolic phase. Tricuspid valve stenosis and patent 
ductus arteriosus murmurs are heard during diastole. 
However, a patent ductus arteriosus murmur is also 
heard during systole. 

TMP13 pp. 285-286 

132. E) The third heart sound is associated with inrush- 
ing of blood into the ventricles in the early to middle 
part of diastole. The next heart sound, the fourth 
heart sound, is caused by inrushing of blood in the 
ventricles caused by atrial contraction. The first heart 
sound is caused by the closing of the A-V valves, and 
the second heart sound is caused by the closing of the 
pulmonary and aortic valves. 

TMP13 pp. 283-284 

133. A) A number of things occur in progressive shock, in- 
cluding increased capillary permeability, which allows 
fluid to leak out of the vasculature, thus decreasing the 
blood volume. Other deteriorating factors include va- 
somotor center failure, peripheral circulatory failure, 
decreased cellular mitochondrial activity, and acidosis 
throughout the body. Usually, urine output strikingly 
decreases; therefore, the increased urinary output 
answer is incorrect. Tissue pH decreases and reverse 
stress relaxation of the veins occurs. 

TMP13 pp. 296-297 

134. A) Sympathomimetic drugs are given to counteract 
hypotension during a number of conditions. These 
conditions include spinal cord injury in which the 
sympathetic output is interrupted. Sympathomimetic 
drugs are also given during very deep anesthesia, 
which decreases the sympathetic output, and during 
anaphylactic shock that results from histamine re- 
lease and the accompanying vasodilatation. Sympa- 
thomimetic drugs, such as norepinephrine, increase 
blood pressure by causing a vasoconstriction. Shock 
caused by excess vomiting, hemorrhage, or excessive 



administration of diuretics results in fluid volume 
depletion, resulting in decreased blood volume and 
decreased mean systemic filling pressure. Adminis- 
tering a balanced electrolyte solution best counteracts 
this condition. 

TMP13 p. 301 

135. D) Too deep a level of anesthesia can decrease sym- 
pathetic tone and reduce arterial pressure enough to 
induce shock. To replace the sympathetic tone that 
was lost, the optimal therapy is infusion of a sympa- 
thomimetic drug. Infusion of red blood cells, plasma, 
or electrolytes would be of little benefit. 

TMP13 pp. 300-301 

136. D) The patient received an influenza inoculation and 
quickly went into shock, which leads one to believe 
that he may be in anaphylactic shock. Anaphylactic 
shock is a state of extreme vasodilation because of 
histamine release. Antihistamines would be some- 
what helpful, but they are very slow acting, and the 
patient could die in the meantime. Therefore, a very 
rapid-acting agent must be used, such as a sympatho- 
mimetic drug. 

TMP13 pp. 300-301 

137. E) In compensated hemorrhagic shock, a number of 
factors prevent the progression of the shock, inclu- 
ding increased heart rate. Also occurring is reverse 
stress relaxation in which the vasculature, particu- 
larly the veins, constrict around the available blood 
volume. Increased ADH release also occurs, which 
causes water retention from the kidney but also 
vasoconstriction of the arterioles. A CNS ischemic 
response also occurs if the blood pressure drops to 
very low values, causing an increase in sympathetic 
output. Increased absorption of interstitial fluid 
through the capillaries also occurs, which increases 
the volume in the vasculature. 

TMP13 p. 295 

138. E) Spinal anesthesia, especially when the anesthesia 
extends all the way up the spinal cord, can block the 
sympathetic nervous outflow from the spinal cord. 
This can be a very potent cause of neurogenic shock. 
The therapy of choice is to replace the sympathetic 
tone that was lost in the body. The best way to in- 
crease the sympathetic tone is by infusing a sympa- 
thomimetic drug. 

TMP13 p. 301 

139. A) This patient has obviously lost a lot of blood 
because of the motorcycle wreck. The most advan- 
tageous therapy is to replace what was lost in the 
accident. This would be whole blood, which is much 
superior to a plasma infusion, because the patient is 
also receiving red blood cells that have a much supe- 
rior oxygen-carrying capacity than the plasma com- 
ponent of blood. Sympathetic nerves are firing very 
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rapidly in this condition, and an infusion of a sympa- 
thomimetic agent would be of little advantage. 

TMP13 pp. 300-301 

140. C) In hemorrhagic shock, anaphylactic shock, and 
neurogenic shock, the venous return of blood to the 
heart markedly decreases. However, in septic shock 
the cardiac output increases in many patients be- 
cause of vasodilation in affected tissues and a high 
metabolic rate causing vasodilation in other parts of 
the body. 

TMP13 p. 300 

141. E) This patient has been hemorrhaging, and the 
optimal therapy is to replace the blood he has lost. 
Unfortunately, no blood is available, and therefore we 
must choose next best therapy, which is increasing 
the volume of his blood. Thus, plasma infusion is the 
next best therapy because its high colloid osmotic 
pressure will help the infused fluid stay in the circula- 
tion much longer than would a balanced electrolyte 
solution. 

TMP13 pp. 300-301 

142. B) Intestinal obstruction often causes severe reduc- 
tion in plasma volume. Obstruction causes a disten- 
tion of the intestine and partially blocks the venous 
blood flow in the intestines. This partial blockage 
results in an increased intestinal capillary pressure, 
which causes fluid to leak from the capillary into the 
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walls of the intestines and also into the intestinal 
lumen. The leaking fluid has a high protein content 
very similar to that of the plasma, which reduces the 
total plasma protein and the plasma volume. There- 
fore, the therapy of choice would be to replace the 
fluid lost by infusing plasma. 

TMP13 pp. 300-301 



143. A) In progressive shock, because of the poor blood 
flow, the pH in the tissues throughout the body de- 
creases. Many vessels become blocked because of 
local blood agglutination, which is called “sludged 
blood.” Patchy areas of necrosis also occur in the liver. 
Mitochondrial activity decreases and capillary per- 
meability increases. There is also an increased release 
of hydrolases by the lysosomes and a decrease in 
cellular metabolism of glucose. 

TMP13 p. 297 



< 



144. A) Anaphylaxis is an allergic condition that results 
from an antigen-antibody reaction that takes place 
after exposure of an individual to an antigenic sub- 
stance. The basophils and mast cells in the pericap- 
illary tissues release histamine or histamine-like 
substances. The histamine causes venous dilation, 
dilation of arterioles, and greatly increased capillary 
permeability with rapid loss of fluid and protein into 
the tissue spaces. This response reduces venous return 
and often results in anaphylactic shock. 

TMP13 pp. 300-301 
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UNIT V 



The Body Fluids and Kidneys 



1. Which of the following solutions, when infused intra- 
venously, would result in an increase in extracellular 
fluid volume, a decrease in intracellular fluid volume, 
and an increase in total body water after osmotic 
equilibrium? 

A) 1 Liter of 0.9% sodium chloride (NaCl) solution 

B) 1 Liter of 0.45% NaCl solution 

C) 1 Liter of 3% NaCl solution 

D) 1 Liter of 5% dextrose solution 

E) 1 Liter of pure water 

2. Partial obstruction of a major vein draining a tis- 
sue would tend to lymph flow rate, 

interstitial fluid hydrostatic pressure, and 

interstitial fluid protein concentration in 

the tissue drained by that vein. 

A) Increase, increase, increase 

B) Increase, increase, decrease 

C) Increase, decrease, decrease 

D) Decrease, decrease, decrease 

E) Decrease, increase, increase 

F) Decrease, increase, decrease 

3. A 36-year-old woman reports headaches and frequent 
urination. Laboratory values reveal the following in- 
formation. 

Urine specific gravity = 1.003 
Urine protein = negative 
Plasma sodium (Na + ) = 165 mmol/L 
Plasma potassium (I< + ) = 4.4 mmol/L 
Plasma creatinine = 1.4 mg/dl 
Blood pressure = 88/40 mm Hg 
Heart rate = 115 beats/min 

What is the most likely cause of her elevated plasma 
Na + concentration? 

A) Primary aldosteronism 

B) Diabetes mellitus 

C) Diabetes insipidus 

D) Simple dehydration due to insufficient water 
intake and heavy exercise 

E) Bartter’s syndrome 

F) Liddle’s syndrome 



4. After receiving a kidney transplant, a patient has 
severe hypertension (170/110 mm Hg). A renal 
arteriogram indicates severe renal artery stenosis in his 
single remaining kidney, with a reduction in glomerular 
filtration rate (GFR) to 25% of normal. Which of the fol- 
lowing changes, compared with normal, would be ex- 
pected in this patient, assuming steady-state conditions? 

A) A large increase in plasma sodium concentration 

B) A reduction in urinary sodium excretion to 25% of 
normal 

C) A reduction in urinary creatinine excretion to 25% 
of normal 

D) An increase in serum creatinine to about four 
times normal 

E) Normal renal blood flow in the stenotic kidney 
due to autoregulation 

Questions 5-7 

Intracellular fluid Extracellular fluid 




Volume (L) 
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■■ 
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1 
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The figure above represents various states of abnormal hydra- 
tion. In each diagram, the normal state (orange and lavender) is 
superimposed on the abnormal state (dashed lines) to illustrate 
the shifts in the volume (width of rectangles) and total osmo- 
larity (height of rectangles) of the extracellular and intracellular 
fluid compartments. Use this figure to answer Questions 5-7. 
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5. Which diagram represents the changes (after osmotic 
equilibrium) in extracellular and intracellular fluid vol- 
ume and osmolarity after the infusion of 1% dextrose? 

A) A 

B) B 

C) C 

D) D 

6. Which diagram represents the changes (after osmotic 
equilibrium) in extracellular and intracellular fluid 
volume and osmolarity in a patient with the syndrome 
of inappropriate antidiuretic hormone (ADH; i.e., ex- 
cessive secretion of ADH)? 

A) A 

B) B 

C) C 

D) D 

7. Which diagram represents the changes (after osmotic 
equilibrium) in extracellular and intracellular fluid 
volumes and osmolarities after the infusion of 3% 
NaCl? 

A) A 

B) B 

C) C 

D) D 

8. Which of the following tends to decrease potassium 
secretion by the cortical collecting tubule? 

A) Increased plasma potassium concentration 

B) A diuretic that decreases proximal tubule sodium 
reabsorption 

C) A diuretic that inhibits the action of aldosterone 
(e.g., spironolactone) 

D) Acute alkalosis 

E) High sodium intake 

9. Because the usual rate of phosphate filtration exceeds 
the transport maximum for phosphate reabsorption, 
which statement is true? 

A) All the phosphate that is filtered is reabsorbed 

B) More phosphate is reabsorbed than is filtered 

C) Phosphate in the tubules can contribute signifi- 
cantly to titratable acid in the urine 

D) The “threshold” for phosphate is usually not 
exceeded 

E) Parathyroid hormone must be secreted for phos- 
phate reabsorption to occur 

Questions 10 and 11 

Use the following clinical laboratory test results to answer 
Questions 10 and 11. 

Urine flow rate = 1 ml/min 
Urine inulin concentration = 100 mg/ml 
Plasma inulin concentration = 2 mg/ml 
Urine urea concentration = 50 mg/ml 
Plasma urea concentration = 2.5 mg/ml 



10. What is the GFR? 

A) 25 ml/min 

B) 50 ml/min 

C) 100 ml/min 

D) 125 ml/min 

E) None of the above 

11. What is the net urea reabsorption rate? 

A) 0 mg/min 

B) 25 mg/min 

C) 50 mg/min 

D) 75 mg/min 

E) 100 mg/min 

12. If a patient has a creatinine clearance of 90 ml/min, 
a urine flow rate of 1 ml/min, a plasma I< + concen- 
tration of 4 mEq/L, and a urine I< + concentration 
of 60 mEq/L, what is the approximate rate of I< + 
excretion? 

A) 0.06mEq/min 

B) 0.30mEq/min 

C) 0.36mEq/min 

D) 3.6 mEq/min 

E) 60 mEq/min 

13. Given the following measurements, calculate the fil- 
tration fraction: 

Glomerular capillary hydrostatic pressure (P G ) = 70 mm 
Hg 

Bowman’s space hydrostatic pressure (P B ) = 20 mm Hg 
Colloid osmotic pressure in the glomerular capillaries 
(ji g ) = 35 mm Hg 

Glomerular capillary filtration coefficient (I< f ) = 10 ml/ 
min / mm Hg 

Renal plasma flow = 428 ml/min 

A) 0.16 

B) 0.20 

C) 0.25 

D) 0.30 

E) 0.35 

F) 0.40 

14. In normal kidneys, which of the following is true of the 
osmolarity of renal tubular fluid that flows through the 
early distal tubule in the region of the macula densa? 

A) Usually isotonic compared with plasma 

B) Usually hypotonic compared with plasma 

C) Usually hypertonic compared with plasma 

D) Hypertonic, compared with plasma, in antidiuresis 
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15. Which of the following changes would be expected in 
a patient with diabetes insipidus due to a lack of ADH 
secretion? 
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16. A 26-year-old woman recently decided to adopt a 
healthier diet and eat more fruits and vegetables. As a 
result, her potassium intake increased from 80 to 160 
mmol/day. Which of the following conditions would 
you expect to find 2 weeks after she increased her po- 
tassium intake, compared with before the increase? 
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17. When the dietary intake of I< + increases, body I< + 

balance is maintained by an increase in I< + excretion 

primarily by which of the following? 

A) Decreased glomerular filtration of I< + 

B) Decreased reabsorption of I< + by the proximal tubule 

C) Decreased reabsorption of I< + by the thick ascending 
limb of the loop of Henle 

D) Increased I< + secretion by the late distal and 
collecting tubules 

E) Shift of I< + into the intracellular compartment 

1 8. Which of the following would cause the greatest decrease 

in GFR in a person with otherwise normal kidneys? 

A) Decrease in renal arterial pressure from 100 to 80 
mm Hg in a normal kidney 

B) 50% increase in glomerular capillary filtration 
coefficient 

C) 50% increase in proximal tubular sodium reab- 
sorption 

D) 50% decrease in afferent arteriolar resistance 

E) 50% decrease in efferent arteriolar resistance 

F) 5 mm Hg decrease in Bowman’s capsule pressure 



1 9. An 8-year-old boy is brought to your office with extreme 
swelling of the abdomen. His parents indicate that he 
had a very sore throat a “month or so” ago and that he 
has been "swelling up” since that time. He appears to 
be edematous, and when you check his urine, you find 
that large amounts of protein are being excreted. Your 
diagnosis is nephrotic syndrome subsequent to glomer- 
ulonephritis. Which of the following changes would you 
expect to find, compared with normal? 
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20. A patient with severe hypertension (blood pressure 
185/110 mm Hg) is referred to you. A renal magnetic 
resonance imaging scan shows a tumor in the kidney, 
and laboratory findings include a very high plasma renin 
activity of 12 ng angiotensin I/ml/h (normal = 1). The 
diagnosis is a renin-secreting tumor. Which of the fol- 
lowing changes would you expect to find in this patient, 
under steady-state conditions, compared with normal? 
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21. The clinical laboratory returned the following values 
for arterial blood taken from a patient: plasma pH = 
7.28, plasma HC0 3 “ = 32 mEq/L, and plasma partial 
pressure of carbon dioxide (Pco 2 ) = 70 mm Hg. What 
is this patient’s acid-base disorder? 

A) Acute respiratory acidosis without renal compen- 
sation 

B) Respiratory acidosis with partial renal compensation 

C) Acute metabolic acidosis without respiratory 
compensation 

D) Metabolic acidosis with partial respiratory com- 
pensation 

22. The following laboratory values were obtained in a 
58-year-old man: 

Urine volume = 4320 milliliters of urine collected 
during the preceding 24 hours 
Plasma creatinine = 3 mg/100 ml 
Urine creatinine = 50 mg/ 100 ml 
Plasma potassium = 4.0 mmol/L 
Urine potassium = 30 mmol/L 
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What is his approximate GFR, assuming that he 
collected all of his urine in the 24-hour period? 

A) 20 ml/ min 

B) 30 ml/min 

C) 40 ml/min 

D) 50 ml/min 

E) 60 ml/min 

F) 80 ml/min 

G) 100 ml/min 

Questions 23 and 24 

23. A 65-year-old man had a heart attack and experiences 
cardiopulmonary arrest while being transported to 
the emergency department. Use the following labo- 
ratory values obtained from arterial blood to answer 
Questions 23 and 24. 

Plasma pH = 7.12 

Plasma Pco 2 = 60 mm Hg 

Plasma HC0 3 “ concentration = 19 mEq/L 

Which of the following options best describes his 
acid-base disorder? 

A) Respiratory acidosis with partial renal compensation 

B) Metabolic acidosis with partial respiratory 
compensation 

C) Mixed acidosis: combined metabolic and respiratory 
acidosis 

D) Mixed alkalosis: combined respiratory and metabolic 
alkalosis 

24. In this patient, which of the following laboratory 
results would be expected, compared with normal? 

A) Increased renal excretion of bicarbonate (HC0 3 “) 

B) Decreased urinary titratable acid 

C) Increased urine pH 

D) Increased renal excretion of ammonia (NH 4 + ) 

25. What would cause the greatest degree of hyperkalemia? 

A) Increase in potassium intake from 60 to 180 
mmol/day in a person with normal kidneys and a 
normal aldosterone system 

B) Chronic treatment with a diuretic that inhibits the 
action of aldosterone 

C) Decrease in sodium intake from 200 to 100 mmol/ 
day 

D) Chronic treatment with a diuretic that inhibits 
loop of Henle Na + -2C1~-K + co-transport 

E) Chronic treatment with a diuretic that inhibits so- 
dium reabsorption in the collecting ducts 



26. Which of the following changes would be expected in 
a patient with Liddle’s syndrome (i.e., excessive activity 
of amiloride-sensitive sodium channel in the collecting 
tubule) under steady-state conditions, assuming that 
the intake of electrolytes remained constant? 
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27. A patient is referred for treatment of hypertension. 
After testing, you discover that he has a very high level 
of plasma aldosterone, and your diagnosis is Conn’s 
syndrome. Assuming no change in electrolyte intake, 
which of the following changes would you expect to 
find, compared with normal? 
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28. A patient with renal disease had a plasma creatinine 
of 2 mg/dl during an examination 6 months ago. You 
note that his blood pressure has increased about 
30 mm Hg since his previous visit, and laboratory tests 
indicate that his plasma creatinine is now 4 mg/dl. 
Which of the following changes, compared with his 
previous visit, would you expect to find, assuming 
steady-state conditions and no changes in electrolyte 
intake or metabolism? 
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29. Which change tends to increase GFR? 

A) Increased afferent arteriolar resistance 

B) Decreased efferent arteriolar resistance 

C) Increased glomerular capillary filtration coefficient 

D) Increased Bowman’s capsule hydrostatic pressure 

E) Decreased glomerular capillary hydrostatic pressure 
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30. Which of the following changes, compared with nor- 
mal, would you expect to find 3 weeks after a patient 
ingested a toxin that caused sustained impairment of 
proximal tubular NaCl reabsorption? Assume that 
there has been no change in diet or ingestion of elec- 
trolytes. 
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31. What is the net renal tubular reabsorption rate of 
potassium in the patient described in Question 5? 

A) 0.020 mmol/min 

B) 0.040 mmol/min 

C) 0.090 mmol/min 

D) 0.110 mmol/min 

E) 0.200 mmol/min 

F) Potassium is not reabsorbed in this example 

32. The maximum clearance rate possible for a substance 
that is totally cleared from the plasma is equal to 
which of the following? 

A) GFR 

B) Filtered load of that substance 

C) Urinary excretion rate of that substance 

D) Renal plasma flow 

E) Filtration fraction 

33. A patient has the following laboratory values: arterial 
pH = 7.13, plasma HC0 3 “ = 15 mEq/F, plasma chlo- 
ride concentration = 118 mEq/F, arterial Pco 2 = 28 
mm Hg, and plasma Na + concentration = 141 mEq/F. 
What is the most likely cause of his acidosis? 

A) Salicylic acid poisoning 

B) Diabetes mellitus 

C) Diarrhea 

D) Emphysema 

34. The GFR of a 26-year-old man with glomerulonephri- 
tis decreases by 50% and remains at that level. For 
which substance would you expect to find the greatest 
increase in plasma concentration? 

A) Creatinine 

B) I< + 

C) Glucose 

D) Na + 

E) Phosphate 

F) H + 
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Questions 35 and 36 

Assume the following initial conditions: intracellular fluid 
volume = 40% of body weight before fluid administration, 
extracellular fluid volume = 20% of body weight before fluid 
administration, molecular weight of NaCl = 58.5 g/mol, 
and no excretion of water or electrolytes. 



35. A male patient appears to be dehydrated, and 
after obtaining a plasma sample, you find that he 
has hyponatremia, with a plasma sodium concen- 
tration of 130 mmol/F and a plasma osmolarity 
of 260 mOsm/F. You decide to administer 2 F of 
3% sodium chloride (NaCl). His body weight was 
60 kilograms before the fluid is administered. What 
is his approximate plasma osmolarity after adminis- 
tration of the NaCl solution and after osmotic equi- 
librium? Assume the initial conditions previously 
described. 




A) 273 mOsm/F 

B) 286 mOsm/F 

C) 300 mOsm/F 

D) 310 mOsm/F 

E) 326 mOsm/F 



36. What is the approximate extracellular fluid volume in 
this patient after administration of the NaCl solution 
and after osmotic equilibrium? 

A) 15.1 Titers 

B) 17.2 Titers 

C) 19.1 Titers 

D) 19.8 Titers 

E) 21.2 Titers 



37. Which changes would you expect to find after admin- 
istering a vasodilator drug that caused a 50% decrease 
in afferent arteriolar resistance and no change in arte- 
rial pressure? 

A) Decreased renal blood flow, decreased GFR, and de- 
creased peritubular capillary hydrostatic pressure 

B) Decreased renal blood flow, decreased GFR, and 
increased peritubular capillary hydrostatic pressure 

C) Increased renal blood flow, increased GFR, and in- 
creased peritubular capillary hydrostatic pressure 

D) Increased renal blood flow, increased GFR, and no 
change in peritubular capillary hydrostatic pressure 

E) Increased renal blood flow, increased GFR, and de- 
creased peritubular capillary hydrostatic pressure 

38. If the average hydrostatic pressure in the glomerular cap- 
illaries is 50 mm Hg, the hydrostatic pressure in the Bow- 
man’s space is 12 mm Hg, the average colloid osmotic 
pressure in the glomerular capillaries is 30 mm Hg, and 
there is no protein in the glomerular ultrafiltrate, what is 
the net pressure driving glomerular filtration? 

A) 8 mm Hg 

B) 32 mm Hg 

C) 48 mm Hg 

D) 60 mm Hg 

E) 92 mm Hg 
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39. In a patient who has chronic, uncontrolled diabetes 
mellitus, which set of conditions would you expect to 
find, compared with normal? 

Titratable Acid NH + HC0 3 - Plasma 

Excretion Excretion Excretion Pco 2 

A) <-* T 1 

B) 1 T «-* 1 

C) T T <-* T 

D) T Til 

E) 1 III 

F) «-* T 1 

40. Intravenous infusion of 1 liter of 0.45% NaCl so- 
lution (molecular weight of NaCl = 58.5) would 
cause which of the following changes, after osmotic 
equilibrium? 
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41. Lines A, B, and C on the figure above show the rela- 
tive filterability by the glomerular capillaries of dex- 
tran molecules as a function of their molecular radius 
and electrical charges. Which lines on the graph best 
describe the electrical charges of the dextrans? 

A) A = polycationic; B = neutral; C= polyanionic 

B) A = polycationic; B = polyanionic; C = neutral 

C) A = polyanionic; B = neutral; C = polycationic 

D) A = polyanionic; B = polycationic; C = polycationic 

E) A = neutral; B = polycationic; C = polyanionic 

F) A = neutral; B = polyanionic; C = polycationic 



42. If distal tubule fluid creatinine concentration is 
5 mg/100 ml and plasma creatinine concentration is 
1.0 mg/100 ml, what is the approximate percentage 
of the water filtered by the glomerular capillaries that 
remains in the distal tubule? 

A) 5% 

B) 10% 

C) 20% 

D) 50% 

E) 80% 

F) 95% 

43. Which change tends to increase peritubular capillary 
fluid reabsorption? 

A) Increased blood pressure 

B) Decreased filtration fraction 

C) Increased efferent arteriolar resistance 

D) Decreased angiotensin II 

E) Increased renal blood flow 




44. A 32-year-old man reports frequent urination. He 
is overweight (280 pounds [127 kilograms], 5 feet 10 
inches [178 cm] tall). After measuring the 24-hour cre- 
atinine clearance, you estimate his GFR to be 150 ml/ 
min. His plasma glucose level is 300 mg/dl. Assuming 
that his renal transport maximum for glucose is nor- 
mal, as shown in the figure above, what would be this 
patient’s approximate rate of urinary glucose excretion? 

A) 0 mg/min 

B) 100 mg/min 

C) 150 mg/min 

D) 225 mg/min 

E) 300 mg/min 

F) Information provided is inadequate to estimate 
the glucose excretion rate 

45. An adrenal tumor that causes excess aldosterone secre- 
tion would tend to plasma I< + concentration, 

plasma pH, renin secretion, and 

blood pressure. 

A) Decrease, decrease, decrease, decrease 

B) Decrease, increase, decrease, increase 

C) Decrease, decrease, decrease, increase 

D) Decrease, increase, increase, increase 

E) Increase, increase, decrease, increase 

F) Increase, decrease, decrease, increase 
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46. Which of the following tends to increase potassium 
secretion by the cortical collecting tubule? 

A) A diuretic that inhibits the action of aldosterone 
(e.g., spironolactone) 

B) A diuretic that decreases loop of Henle sodium 
reabsorption (e.g., furosemide) 

C) Decreased plasma potassium concentration 

D) Acute metabolic acidosis 

E) Low sodium intake 

47. A diabetic patient has chronic renal disease and is 
referred to your nephrology clinic. According to his 
family physician, his creatinine clearance has de- 
creased from 100 ml/ min to 40 ml/ min during the past 
4 years. His glucose level has not been well controlled, 
and his plasma pH is 7.14. Which changes, compared 
with before the development of renal disease, would 
you expect to find, assuming steady-state conditions 
and no change in electrolyte intake? 
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48. A 62-year-old woman has previously had a unilateral 
nephrectomy after diagnosis of renal carcinoma. Her 
GFR (estimated from creatinine clearance) is 50 ml/min, 
her urine flow rate is 2.0 ml/min, and her plasma glu- 
cose concentration is 200 mg/100 ml. If she has a kidney 
transport maximum for glucose of 150 mg/ min, what 
would be her approximate rate of glucose excretion? 

A) 0 mg/min 

B) 50 mg/min 

C) 100 mg/min 

D) 150 mg/min 

E) 200 mg/min 

F) 300 mg/min 

G) Glucose excretion rate cannot be estimated from 
these data 



49. A 20-year-old woman comes to your office because 
of rapid weight gain and marked fluid retention. Her 
blood pressure is 105/65 mm Hg, her plasma protein 
concentration is 3.6 g/dl (normal = 7.0), and she has 
no detectable protein in her urine. Which changes 
would you expect to find, compared with normal? 
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50. A 48-year-old woman reports severe polyuria (produc- 
ing about 0.5 liter of urine each hour) and polydipsia 
(drinking two to three glasses of water every hour). Her 
urine contains no glucose, and she is placed on overnight 
water restriction for further evaluation. The next morn- 
ing, she is weak and confused, her sodium concentration 
is 160 mEq/L, and her urine osmolarity is 80 mOsm/L. 
Which of the following is the most likely diagnosis? 

A) Diabetes mellitus 

B) Diabetes insipidus 

C) Primary aldosteronism 

D) Renin-secreting tumor 

E) Syndrome of inappropriate ADH 

51. Which substance is filtered most readily by the 
glomerular capillaries? 

A) Albumin in plasma 

B) Neutral dextran with a molecular weight of 25,000 

C) Polycationic dextran with a molecular weight of 
25,000 

D) Polyanionic dextran with a molecular weight of 
25,000 

E) Red blood cells 

52. A 22-year-old woman runs a 10-kilometer race on a 
hot day and becomes dehydrated. Assuming that her 
ADH levels are very high and that her kidneys are 
functioning normally, in which part of the renal tubule 
is the most water reabsorbed? 

A) Proximal tubule 

B) Loop of Henle 

C) Distal tubule 

D) Cortical collecting tubule 

E) Medullary collecting duct 
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53. Furosemide (Lasix) is a diuretic that also produces 
natriuresis. Which of the following is an undesirable 
side effect of furosemide due to its site of action on the 
renal tubule? 

A) Edema 

B) Hyperkalemia 

C) Hypercalcemia 

D) Decreased ability to concentrate the urine 

E) Heart failure 

54. A female patient has unexplained severe hypernatre- 
mia (plasma Na + = 167 mmol/L) and reports frequent 
urination and large urine volumes. A urine specimen 
reveals that the Na + concentration is 15 mmol/L (very 
low) and the osmolarity is 155 mOsm/L (very low). 
Laboratory tests reveal the following data: plasma 
renin activity = 3 ng angiotensin I/ml/h (normal = 1.0), 
plasma ADH = 30 pg/ml (normal = 3 pg/ml), and plasma 
aldosterone = 20 ng/dl (normal = 6 ng/dl). Which of 
the following is the most likely reason for her hyper- 
natremia? 

A) Simple dehydration due to decreased water intake 

B) Nephrogenic diabetes insipidus 

C) Central diabetes insipidus 

D) Syndrome of inappropriate ADH 

E) Primary aldosteronism 

F) Renin-secreting tumor 

55. Which change would you expect to find in a dehydrat- 
ed person deprived of water for 24 hours? 

A) Decreased plasma renin activity 

B) Decreased plasma antidiuretic hormone concen- 
tration 

C) Increased plasma atrial natriuretic peptide con- 
centration 

D) Increased water permeability of the collecting 
duct 

56. Juvenile (type 1) diabetes mellitus is often diagnosed 
because of polyuria (high urine flow) and polydipsia 
(frequent drinking) that occur because of which of the 
following? 

A) Increased delivery of glucose to the collecting duct 
interferes with the action of antidiuretic hormone 

B) Increased glomerular filtration of glucose in- 
creases Na + reabsorption via the sodium-glucose 
co-transporter 

C) When the filtered load of glucose exceeds the re- 
nal threshold, a rising glucose concentration in 
the proximal tubule decreases the osmotic driving 
force for water reabsorption 

D) High plasma glucose concentration decreases thirst 

E) High plasma glucose concentration stimulates 
ADH release from the posterior pituitary 



57. Which of the following would cause the most serious 
hypokalemia? 

A) A decrease in potassium intake from 150 mEq/day 
to 60 mEq/day 

B) An increase in sodium intake from 100 to 200 
mEq/day 

C) Excessive aldosterone secretion plus high sodium 
intake 

D) Excessive aldosterone secretion plus low sodium 
intake 

E) A patient with Addison’s disease 

F) Treatment with a |3-adrenergic blocker 

G) Treatment with spironolactone 

58. A 26-year-old woman reports that she has had a se- 
vere migraine and has taken six times more than the 
recommended dose of aspirin for the past 3 days to 
relieve her headaches. Her plasma pH is 7.24. Which 
of the following would you expect to find (compared 
with normal)? 





Plasma 

hco 3 - 

Concentration 


Plasma 

Pco 2 


Urine 

HCtV 

Excretion 


Urine NH 4 + 
Excretion 


Plasma 

Anion 

Gap 


A) 


T 


1 


T 


T 


T 


B) 


T 


T 


T 


1 


T 


C) 


I 


i 


i 


i 


i 


D) 


I 


i 


i 


T 


T 


E) 


1 


1 


I 


T 


I 


F) 


i 




i 


i 


<-» 



59. Under conditions of normal renal function, what is 
true of the concentration of urea in tubular fluid at the 
end of the proximal tubule? 

A) It is higher than the concentration of urea in tubu- 
lar fluid at the tip of the loop of Henle 

B) It is higher than the concentration of urea in the 
plasma 

C) It is higher than the concentration of urea in the 
final urine in antidiuresis 

D) It is lower than plasma urea concentration because of 
active urea reabsorption along the proximal tubule 

60. You begin treating a hypertensive patient with a pow- 
erful loop diuretic (e.g., furosemide). Which changes 
would you expect to find, compared with pretreat- 
ment values, when he returns for a follow-up exami- 
nation 2 weeks later? 





Urine 

Sodium 

Excretion 


Extracellular 

Fluid 

Volume 


Blood 

Pressure 


Plasma 

Potassium 

Concentration 


A) 


T 


i 


1 


i 


B) 


T 


i 




< — » 


C) 


< — > 


i 


i 


i 


D) 


< — > 
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< — > 


E) 
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i 


T 
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61. Which change, compared with normal, would be 
expected to occur, under steady-state conditions, 
in a patient whose severe renal disease has re- 
duced the number of functional nephrons to 25% of 
normal? 

A) Increased GFR of the surviving nephrons 

B) Decreased urinary creatinine excretion rate 

C) Decreased urine flow rate in the surviving neph- 
rons 

D) Decreased urinary excretion of sodium 

E) Increased urine-concentrating ability 

62. Which of the following would likely lead to hypona- 
tremia? 

A) Excessive ADH secretion 

B) Restriction of fluid intake 

C) Excess aldosterone secretion 

D) Administration of 2 liters of 3% NaCl solution 

E) Administration of 2 liters of 0.9% NaCl solution 

63. Assuming steady-state conditions and that water and 
electrolyte intake remained constant, a 75% loss of 
nephrons and a 75% decrease in GFR due to chronic 
kidney disease would cause all of the following chang- 
es except what? 

A) A large increase in plasma sodium concentration 

B) An increase in plasma creatinine to four times 
normal 

C) An increase in average volume excreted per 
remaining nephron to four times normal 

D) A significant increase in plasma phosphate 
concentration 

E) Reduced ability of the kidney to maximally 
concentrate the urine 

64. Which statement is correct? 
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Questions 66-69 





For Questions 66-69, choose the appropriate nephron site 
in the above figure. 

66. In a patient with severe central diabetes insipidus 
caused by a lack of ADH secretion, which part of the 
tubule would have the lowest tubular fluid osmolarity? 

A) A 

B) B 

C) C 

D) D 

E) E 



67. In a person on a very low potassium diet, which part 
of the nephron would be expected to reabsorb the 
most potassium? 

A) A 

B) B 

C) C 

D) D 

E) E 



A) Urea reabsorption in the medullary collecting tu- 
bule is less than in the distal convoluted tubule 
during antidiuresis 

B) Urea concentration in the interstitial fluid of the 
renal cortex is greater than in the interstitial fluid 
of the renal medulla during antidiuresis 

C) The thick ascending limb of the loop of Henle 
reabsorbs more urea than the inner medullary 
collecting tubule during antidiuresis 

D) Urea reabsorption in the proximal tubule is great- 
er than in the cortical collecting tubule 



68. Which part of the nephron normally reabsorbs the 
most water? 

A) A 

B) B 

C) C 

D) D 

E) E 

69. In a normally functioning kidney, which part of the 
tubule has the lowest permeability to water during an- 
tidiuresis? 



65. A patient’s urine is collected for 2 hours, and the total A) A 

volume is 600 milliliters during this time. Her urine B) B 

osmolarity is 150 mOsm/L, and her plasma osmolari- C) C 

ty is 300 mOsm/L. What is her “free water clearance”? D) D 

A) +5.0 ml/ min E ) E 

B) +2.5 ml/ min 

C) 0.0 ml/min 

D) -2.5 ml/min 

E) -5.0 ml/min 
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70. Which substances are best suited to measure intersti- 
tial fluid volume? 

A) Inulin and heavy water 

B) Inulin and 22 Na 

C) Heavy water and 125 I-albumin 

D) Inulin and 125 I-albumin 

E) 51 Cr red blood cells and 125 I-albumin 

71. Long-term administration of furosemide (Lasix) 
would do what? 

A) Inhibit the Na + -Cl~ co-transporter in the renal 
distal tubules 

B) Inhibit the Na + -Cl“-I< + co-transporter in the renal 
tubules 

C) Tend to reduce renal concentrating ability 

D) Tend to cause hyperkalemia 

E) A and C 
E) B and C 

G) B, C, and D 

72. A patient with normal lungs who has uncontrolled 
type 1 diabetes and a plasma glucose concentration 
of 400 mg/100 ml (normal ~100 mg/100 ml) would be 
expected to have which set of blood values? 





PH 


hco 3 - 

(mmol/L) 


Pco 2 

(mm Hg) 


Na+ 

(mmol/L) 


ci- 

(mmol/L) 


A) 


7.66 


22 


20 


143 


111 


B) 


7.52 


38 


48 


146 


100 


C) 


7.29 


14 


30 


143 


117 


D) 


7.25 


12 


28 


142 


102 


E) 


7.07 


14 


50 


144 


102 



73. Which of the following would be expected to cause 
a decrease in extracellular fluid potassium concentra- 
tion (hypokalemia) at least in part by stimulating po- 
tassium uptake into the cells? 

A) a-adrenergic blockade 

B) Insulin deficiency 

C) Strenuous exercise 

D) Aldosterone deficiency (Addison’s disease) 

E) Metabolic alkalosis 

74. If a person has a kidney transport maximum for glu- 
cose of 350 mg/ min, a GFR of 100 ml/min, a plasma 
glucose level of 1 50 mg/ dl, a urine flow rate of 2 ml/ min, 
and no detectable glucose in the urine, what would be 
the approximate rate of glucose reabsorption, assuming 
normal kidneys? 

A) Glucose reabsorption cannot be estimated from 
these data 

B) 0 mg/min 

C) 50 mg/min 

D) 150 mg/min 

E) 350 mg/min 



75. Which diuretic inhibits Na + -2C1 -K + co-transport in 
the loop of Henle as its primary action? 

A) Thiazide diuretic 

B) Furosemide 

C) Carbonic anhydrase inhibitor 

D) Osmotic diuretic 

E) Amiloride 

F) Spironolactone 

76. A selective decrease in efferent arteriolar resistance 

would glomerular hydrostatic pressure, 

GFR, and renal blood flow. 

A) Increase, increase, increase 

B) Increase, decrease, increase 

C) Increase, decrease, decrease 

D) Decrease, increase, decrease 

E) Decrease, decrease, increase 

F) Decrease, increase, increase 




77. The above figure shows the concentration of inulin 
at different points along the renal tubule, expressed 
as the tubular fluid/plasma ratio of inulin con- 
centration. If inulin is not reabsorbed, what is the 
approximate percentage of the filtered water that 
has been reabsorbed prior to the distal convoluted 
tubule? 

A) 25% 

B) 33% 

C) 66% 

D) 75% 

E) 99% 

F) 100% 

78. A patient with renal tubular acidosis would be expect- 
ed to have which set of blood values? 





pH 


hco 3 - 

(mmol/L) 


Pco 2 

(mm Hg) 


Na + 

(mmol/L) 


Ch 

(mmol/L) 


A) 


7.66 


22 


20 


143 


111 


B) 


7.52 


38 


48 


146 


100 


C) 


7.07 


14 


50 


144 


102 


D) 


7.25 


12 


28 


142 


102 


E) 


7.29 


14 


30 


143 


117 
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79. A patient reports that he is always thirsty, and his 
breath has an acetone smell. You suspect that he has 
diabetes mellitus, and that diagnosis is confirmed by 
a urine sample that tests positive for glucose and a 
blood sample that shows a fasting blood glucose con- 
centration of 400 mg/dl. Compared with normal, you 
would expect to find which changes in his urine? 





Urine 

PH 


nh 4 + 

Excretion 


Urine volume 
(ml/24 h) 


Renal HC0 3 - 
Production 


A) 


1 


1 


1 


1 


B) 


1 


T 


1 


1 


C) 


T 


1 


1 


1 


D) 


1 


T 


T 


T 


E) 


T 


T 


T 


T 



Questions 80-82 

A person with normal body fluid volumes weighs 60 kg and 
has an extracellular fluid volume of approximately 12.8 L, a 
blood volume of 4.3 L, and a hematocrit of 0.4; 57% of his 
body weight is water. Use this information to answer Ques- 
tions 80-82. 

80. What is the approximate intracellular fluid volume? 

A) 17.1 liters 

B) 19.6 liters 

C) 21.4 liters 

D) 23.5 liters 

E) 25.6 liters 

81. What is the approximate plasma volume? 

A) 2.0 liters 

B) 2.3 liters 

C) 2.6 liters 

D) 3.0 liters 

E) 3.3 liters 

82. What is the approximate interstitial fluid volume? 

A) 6.4 liters 

B) 8.4 liters 

C) 10.2 liters 

D) 11.3 liters 

E) 12.0 liters 

83. Which nephron segment is the primary site of magne- 
sium reabsorption under normal conditions? 

A) Proximal tubule 

B) Descending limb of the loop of Henle 

C) Ascending limb of the loop of Henle 

D) Distal convoluted tubule 

E) Collecting ducts 

84. The principal cells in the cortical collecting tubules 

A) Are the main site of action of the thiazide diuretics 

B) Have sodium-chloride-potassium co-transporters 

C) Are highly permeable to urea during antidiuresis 

D) Are an important site of action of amiloride 

E) Are the main site of action of furosemide 
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85. A patient has a GFR of 100 ml/min, her urine flow rate 
is 2.0 ml/min, and her plasma glucose concentration is 
200 mg/100 ml. If the kidney transport maximum for 
glucose is 250 mg/min, what would be her approxi- 
mate rate of glucose excretion? 



A) 0 mg/min 

B) 50 mg/min 

C) 100 mg/min 

D) 150 mg/min 

E) 200 mg/min 

F) 300 mg/min 

G) Glucose excretion rate cannot be estimated from 
these data 




86. Which changes would you expect to find in a newly 
diagnosed 10-year-old patient with type 1 diabetes 
and uncontrolled hyperglycemia (plasma glucose = 
300 mg/dl)? 





Thirst 

(Water Intake) 


Urine 

Volume 


Glomerular 

Filtration 

Rate 


Afferent 

Arteriolar 

Resistance 


A) 


T 


1 


T 


1 


B) 


T 


T 


1 


T 


C) 


T 


T 


T 


1 


D) 


1 


T 


T 


T 


E) 


1 


1 


1 


1 



Questions 87 and 88 

To evaluate kidney function in a 45-year-old woman 
with type 2 diabetes, you ask her to collect her urine for 
a 24-hour period. She collects 3600 milliliters of urine in 
that period. The clinical laboratory returns the follow- 
ing results after analyzing the patient’s urine and plasma 
samples: plasma creatinine = 4 mg/dl, urine creatinine = 
32 mg/dl, plasma potassium = 5 mmol/L, and urine potas- 
sium = 10 mmol/L. 



87. What is this patient’s approximate GFR, assum- 
ing that she collected all her urine in the 24-hour 
period? 

A) 10 ml/min 

B) 20 ml/min 

C) 30 ml/min 

D) 40 ml/ min 

E) 80 ml/min 

88. What is the net renal tubular reabsorption rate of 
potassium in this patient? 

A) 1.050 mmol/min 

B) 0.100 mmol/min 

C) 0.037 mmol/min 

D) 0.075 mmol/min 

E) Potassium is not reabsorbed in this example 
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Questions 89-93 

Match each of the patients described in Questions 89-93 
with the correct set of blood values in the following table 
(the same values may be used for more than one patient). 





pH 


hco 3 - 

(mEq/L) 


Pco 2 

(mm Hg) 


Na + 

(mEq/L) 


ci- 

(mEq/L) 


A) 


7.66 


22 


20 


143 


111 


B) 


7.28 


30 


65 


142 


102 


C) 


7.24 


12 


29 


144 


102 


D) 


7.29 


14 


30 


143 


117 


E) 


7.52 


38 


48 


146 


100 


F) 


7.07 


14 


50 


144 


102 



89. A patient with severe diarrhea 

90. A patient with primary aldosteronism 

91. A patient with proximal renal tubular acidosis 

92. A patient with diabetic ketoacidosis and emphysema 

93. A patient treated chronically with a carbonic anhy- 
drase inhibitor 

94. Which change would you expect to find in a patient 
who developed acute renal failure after ingesting 
poisonous mushrooms that caused renal tubular 
necrosis? 

A) Increased plasma bicarbonate concentration 

B) Metabolic acidosis 

C) Decreased plasma potassium concentration 

D) Decreased blood urea nitrogen concentration 

E) Decreased hydrostatic pressure in Bowman’s cap- 
sule 

95. The type A intercalated cells in the collecting tubules 

A) Are highly permeable to urea during antidiuresis 

B) Secrete K + 

C) Secrete H + 

D) Are the main site of action of furosemide 

E) Are the main site of action of thiazide diuretics 

96. Which of the following would be the most likely 
cause of hypernatremia associated with a small vol- 
ume of highly concentrated urine (osmolarity = 1400 
mOsm/L) in a person with normal kidneys? 

A) Primary aldosteronism 

B) Diabetes mellitus 

C) Diabetes insipidus 

D) Dehydration due to insufficient water intake and 
heavy exercise 

E) Bartter’s syndrome 

F) Liddle’s syndrome 



97. The most serious hypokalemia would occur in which 
condition? 

A) Decrease in potassium intake from 150 to 60 mEq/ 
day 

B) Increase in sodium intake from 100 to 200 mEq/ 
day 

C) Fourfold increase in aldosterone secretion plus 
high sodium intake 

D) Fourfold increase in aldosterone secretion plus 
low sodium intake 

E) Addison’s disease 

98. Which of the following has similar values for both 
intracellular and interstitial body fluids? 

A) Potassium ion concentration 

B) Colloid osmotic pressure 

C) Sodium ion concentration 

D) Chloride ion concentration 

E) Total osmolarity 

99. Which of the following is true of the tubular fluid that 
passes through the lumen of the early distal tubule in 
the region of the macula densa? 

A) It is usually isotonic 

B) It is usually hypotonic 

C) It is usually hypertonic 

D) It is hypertonic in antidiuresis 

E) It is hypertonic when the filtration rate of its own 
nephron decreases to 50% below normal 

100. In a person with normal kidneys and normal lungs who 
has chronic metabolic acidosis, you would expect to 
find all of the following, compared with normal, except : 

A) Increased renal excretion of NH 4 C1 

B) Decreased urine pH 

C) Decreased urine HC0 3 _ excretion 

D) Increased plasma HC0 3 “ concentration 

E) Decreased plasma Pco 2 

101. In a patient with very high levels of aldosterone and 
otherwise normal kidney function, approximately 
what percentage of the filtered load of sodium would 
be reabsorbed by the distal convoluted tubule and col- 



lecting duct? 


A) 


>66% 




B) 


40% to 


60% 


C) 


20% to 


40% 


D) 


10% to 


20% 


E) 


<10% 
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Questions 102-104 

The following test results were obtained: urine flow rate = 

2.0 ml/min; urine inulin concentration = 60 mg/ml; plasma 
inulin concentration = 2 mg/ ml; urine potassium concen- 
tration = 20 pmol/ml; plasma potassium concentration = 

4.0 pmol/ml; urine osmolarity = 150 mOsm/L; and plasma 
osmolarity = 300 mOsm/L. 

102. What is the approximate GFR? 

A) 20 ml/min 

B) 25 ml/min 

C) 30 ml/min 

D) 60 ml/min 

E) 75 ml/min 

F) 150 ml/min 

103. What is the net potassium reabsorption rate? 

A) 0 pmol/min 

B) 20 pmol/min 

C) 60 pmol/min 

D) 200 pmol/min 

E) 240 pmol/min 

F) 300 pmol/min 

G) Potassium is not reabsorbed in this case 

104. What is the free water clearance rate? 

A) +1.0 ml/min 

B) +1.5 ml/min 

C) +2.0 ml/min 

D) -1.0 ml/min 

E) -1.5 ml/min 

F) -2.0 ml/min 

105. Assume that you have a patient who needs fluid therapy 
and you decide to administer by intravenous infusion 

2.0 liters of 0.45% NaCl solution (molecular weight NaCl 
= 58.5). After osmotic equilibrium, which changes would 
you expect, compared with before infusion of the NaCl? 



Intracellular 

Volume 


Intracellular 

Osmolarity 


Extracellular 

Volume 


Extracellular 

Osmolarity 


A) 


T 


T 


T 


T 


B) 


T 


1 


T 


1 


C) 


<-» 


T 


T 


T 


D) 


1 


T 


T 


T 


E) 


1 


1 


1 


1 



106. If the renal clearance of substance X is 300 ml/min 
and the glomerular filtration rate is 100 ml/min, it is 
most likely that substance X is 

A) Filtered freely but not secreted or reabsorbed 

B) Bound to plasma proteins 

C) Secreted 

D) Reabsorbed 

E) Bound to tubular proteins 

F) Clearance of a substance cannot be greater than 
the GFR 



UnitV The Body Fluids and Kidneys 



107. Which change tends to increase urinary calcium 
(Ca ++ ) excretion? 

A) Extracellular fluid volume expansion 

B) Increased plasma parathyroid hormone concen- 
tration 

C) Decreased blood pressure 

D) Increased plasma phosphate concentration 

E) Metabolic alkalosis 




108. Which change would you expect to find in a patient 
consuming a high-sodium diet (200 mEq/day) com- 
pared with the same patient on a normal-sodium diet 
(100 mEq/day), assuming steady-state conditions? 

A) Increased plasma aldosterone concentration 

B) Increased urinary potassium excretion 

C) Decreased plasma renin activity 

D) Decreased plasma atrial natriuretic peptide 

E) An increase in plasma sodium concentration of at 
least 5 mmol/L 



109. What would tend to decrease GFR by more than 10% 
in a normal kidney? 

A) Decrease in renal arterial pressure from 100 to 
85 mm Hg 

B) 50% decrease in afferent arteriolar resistance 

C) 50% decrease in efferent arteriolar resistance 

D) 50% increase in the glomerular capillary filtration 
coefficient 

E) Decrease in plasma colloid osmotic pressure from 
28 to 20 mm Hg 

110. Acute metabolic acidosis tends to intracellular 

K + concentration and I< + secretion by the corti- 

cal collecting tubules. 

A) Increase, increase 

B) Increase, decrease 

C) Decrease, increase 

D) Decrease, decrease 

E) Cause no change in, increase 

F) Cause no change in, cause no change in 
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111. A 55-year-old overweight male patient reports fre- 
quent urination, and his blood pressure is 165/98 
mm Hg. Based on 24-hour creatinine clearance, 
you estimate his GFR to be 150 ml/min. His plasma 
glucose is 400 mg/100 ml. Assuming that his renal 
transport maximum for glucose is normal, as shown 
in the above figure, what would be the approximate 
rate of urinary glucose excretion for this patient? 

A) 0 mg/min 

B) 100 mg/min 

C) 150 mg/min 

D) 225 mg/min 

E) 300 mg/min 

F) The information provided is inadequate to esti- 
mate the glucose excretion rate 

112. Which statement is true? 

A) ADH increases water reabsorption from the as- 
cending loop of Henle 

B) Water reabsorption from the descending loop of 
Henle is normally less than that from the ascend- 
ing loop of Henle 

C) Sodium reabsorption from the ascending loop of 
Henle is normally less than that from the descend- 
ing loop of Henle 

D) Osmolarity of fluid in the early distal tubule would 
be less than 300 mOsm/L in a dehydrated person 
with normal kidneys and increased ADH levels 

E) ADH decreases the urea permeability in the med- 
ullary collecting tubules 

113. You have been monitoring a patient with type 
2 diabetes and chronic renal disease whose GFR 
has decreased from 80 ml/min to 40 ml/min during 
the past 4 years. Which of the following changes 
in sodium and creatinine (Cr) would you expect to 
find compared with 4 years ago, before the decline 
in GFR, assuming steady-state conditions and no 
change in electrolyte intake or protein metabolism? 





Sodium 

Excretion 

Rate 


Cr 

Excretion 
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Cr 

Clearance 


Filtered 
Load Cr 


Plasma Cr 
Concentration 


A) 


1 


1 






T 


B) 


1 


1 


1 
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T 


C) 






1 


1 


T 


D) 






1 
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E) 






1 
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T 
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114. In a person on a high-potassium (200 mmol/day) diet, 
which part of the nephron would be expected to se- 
crete the most potassium? 

A) Proximal tubule 

B) Descending loop of Henle 

C) Ascending loop of Henle 

D) Early distal tubule 

E) Collecting tubules 

115. Which of the following would you expect to find in a 
patient who has chronic diabetic ketoacidosis? 

A) Decreased renal HC0 3 “ excretion, increased 
NH 4 + excretion, increased plasma anion gap 

B) Increased respiration rate, decreased arterial 
Pco 2 , decreased plasma anion gap 

C) Increased NH 4 + excretion, increased plasma anion 
gap, increased urine pH 

D) Increased renal HC0 3 ~ production, increased 
NH 4 + excretion, decreased plasma anion gap 

E) Decreased urine pH, decreased renal HC0 3 “ ex- 
cretion, increased arterial Pco 2 

116. A patient has a creatinine clearance of 100 ml/min, a 
plasma K + concentration of 4.0 mmol/L, a urine flow 
rate of 2.0 ml/min, and a urine K + concentration of 
60 mmol/L. What is his approximate rate of potas- 
sium excretion? 

A) 0.12 mmol/ min 

B) 0.16 mmol/ min 

C) 0.32 mmol/ min 

D) 8.0 mmol/min 

E) 120 mmol/min 

F) 400 mmol/min 

117. Using the indicator dilution method to assess body 
fluid volumes in a 40-year-old man weighing 70 kg, 
the inulin space is calculated to be 16 liters and 125 
I-albumin space is 4 liters. If 60% of his total body 
weight is water, what is his approximate interstitial 
fluid volume? 

A) 4 liters 

B) 12 liters 

C) 16 liters 

D) 26 liters 

E) 38 liters 

F) 42 liters 
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118. What would tend to decrease plasma potassium con- 
centration by causing a shift of potassium from the 
extracellular fluid into the cells? 

A) Strenuous exercise 

B) Aldosterone deficiency 

C) Acidosis 

D) p-adrenergic blockade 

E) Insulin excess 

119. A 26-year-old construction worker is brought to the 
emergency department with a change in mental status 
after working a 10-hour shift on a hot summer day 
(average outside temperature was 97°F [36°C]). The 
man had been sweating profusely during the day but 
did not drink fluids. He has a fever of 102°F [39°C], 
a heart rate of 140 beats/min, and a blood pressure 
of 100/55 mm Hg in the supine position. Upon ex- 
amination, he has no perspiration, appears to have dry 
mucous membranes, and is poorly oriented to person, 
place, and time. Assuming that his kidneys were nor- 
mal yesterday, which set of hormone levels describes 
his condition, compared with normal? 

A) High ADH, high renin, low angiotensin II, low 
aldosterone 

B) Fow ADH, low renin, low angiotensin II, low 
aldosterone 

C) High ADH, low renin, high angiotensin II, low 
aldosterone 

D) High ADH, high renin, high angiotensin II, high 
aldosterone 

E) Fow ADH, high renin, low angiotensin II, high 
aldosterone 

120. A 23-year-old man runs a 10-kilometer race in July 
and loses 2 liters of fluid by sweating. He also drinks 
2 liters of water during the race. Which changes would 
you expect, compared with normal, after he absorbs 
the water and assuming osmotic equilibrium and no 
excretion of water or electrolytes? 





Intracellular 

Volume 


Intracellular Extracellular 

Osmolarity Volume 


Extracellular 

Osmolarity 


A) 


1 


T 


1 


T 


B) 


1 


1 


1 


1 


C) 


i — > 


1 




1 


D) 


< — > 


T 


1 


T 


E) 


T 


1 


1 


1 


F) 


T 


1 


T 


1 


121. 


Which change would tend to 


increase 


Ca 2+ reabsorp- 



tion in the renal tubule? 

A) Extracellular fluid volume expansion 

B) Increased plasma parathyroid hormone concen- 



tration 

C) Increased blood pressure 

D) Decreased plasma phosphate concentration 

E) Metabolic acidosis 



UnitV The Body Fluids and Kidneys 



122. A patient has the following laboratory values: arte- 
rial pH = 7.04, plasma HC0 3 “ = 13 mEq/F, plasma 
chloride concentration = 120 mEq/E, arterial Pco 2 = 
30 mm Hg, and plasma sodium = 141 mEq/F. What is 
the most likely cause of his acidosis? 



A) Emphysema 

B) Methanol poisoning 

C) Salicylic acid poisoning 

D) Diarrhea 

E) Diabetes mellitus 




123. A young man is found comatose, having taken an 
unknown number of sleeping pills an unknown time 
before. An arterial blood sample yields the following 
values: pH = 7.02, HC0 3 “ = 14 mEq/L, and Pco 2 = 
68 mm Hg. Which of the following describes this pa- 
tient’s acid-base status most accurately? 

A) Uncompensated metabolic acidosis 

B) Uncompensated respiratory acidosis 

C) Simultaneous respiratory and metabolic acidosis 

D) Respiratory acidosis with partial renal compensa- 
tion 

E) Respiratory acidosis with complete renal compen- 
sation 



124. If the GFR suddenly decreases from 150 ml/ min to 
75 ml/min and tubular fluid reabsorption simultane- 
ously decreases from 149 ml/min to 75 ml/min, which 
change will occur (assuming that the changes in GFR 
and tubular fluid reabsorption are maintained)? 

A) Urine flow rate will decrease to 0 

B) Urine flow rate will decrease by 50% 

C) Urine flow rate will not change 

D) Urine flow rate will increase by 50% 

125. In a person with chronic respiratory acidosis who has 
partial renal compensation, you would expect to find 

which changes, compared with normal: urinary 

excretion of NH 4 + ; plasma HC0 3 “ concentra- 
tion; and urine pH. 

A) Increased, increased, decreased 

B) Increased, decreased, decreased 

C) No change in, increased, decreased 

D) No change in, no change in, decreased 

E) Increased, no change in, increased 

126. At which renal tubular sites would the concentration 
of creatinine be expected to be highest in a normally 
hydrated person? 

A) The concentration would be the same in all renal 
tubular segments because creatinine is neither 
secreted nor reabsorbed 

B) Glomerular filtrate 

C) End of the proximal tubule 

D) End of the loop of Henle 

E) Distal tubule 

F) Collecting duct 
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Questions 127 and 128 



Intracellular fluid Extracellular fluid 





The figure above represents various states of abnormal 
hydration. In each diagram, the normal state (orange and 
lavender) is superimposed on the abnormal state (dashed 
lines) to illustrate the shifts in the volume (width of rect- 
angles) and total osmolarity (height of rectangles) of the 
extracellular fluid and intracellular fluid compartments. 

127. Which diagram represents the changes (after osmotic 
equilibrium) in extracellular and intracellular fluid 
volume and osmolarity after infusion of 2 liters of 
3.0% dextrose? 

A) A 

B) B 

C) C 

D) D 

128. Which diagram represents the changes (after os- 
motic equilibrium) in extracellular and intracellular 
fluid volume and osmolarity in a patient with severe 
“central” diabetes insipidus? 

A) A 

B) B 

C) C 

D) D 

129. Increases in both renal blood flow and GFR are caused 
by which mechanism? 

A) Dilation of the afferent arterioles 

B) Increased glomerular capillary filtration coeffi- 
cient 

C) Increased plasma colloid osmotic pressure 

D) Dilation of the efferent arterioles 



130. If the cortical collecting tubule tubular fluid inulin 
concentration is 40 mg/ 100 ml and plasma concentra- 
tion of inulin is 2.0 mg/ 100 ml, what is the approxi- 
mate percentage of the filtered water that remains in 
the tubule at that point? 

A) 0% 

B) 2% 

C) 5% 

D) 10% 

E) 20% 

F) 100% 

131. A 55-year-old male patient with hypertension has 
had his blood pressure reasonably well controlled by 
administration of a thiazide diuretic. At his last visit 
(6 months ago), his blood pressure was 130/75 mm Hg 
and his serum creatinine was 1 mg/100 ml. He has 
been exercising regularly for the past 2 years but re- 
cently has reported knee pain and began taking large 
amounts of a nonsteroidal anti-inflammatory drug. 
When he arrives at your office, his blood pressure is 
155/85 mm Hg and his serum creatinine is 2.5 mg/100 
ml. What best explains his increased serum creatinine 
level? 

A) Increased efferent arteriolar resistance that 
reduced GFR 

B) Increased afferent arteriolar resistance that 
reduced GFR 

C) Increased glomerular capillary filtration coefficient 
that reduced GFR 

D) Increased angiotensin II formation that decreased 
GFR 

E) Increased muscle mass due to the exercise 

132. An elderly patient reports muscle weakness and leth- 
argy. A urine specimen reveals a Na + concentration 
of 600 mmol/L and an osmolarity of 1200 mOsm/L. 
Additional laboratory tests provide the following in- 
formation: plasma Na + concentration = 167 mmol/L, 
plasma renin activity = 4 ng angiotensin 1/ ml/h (nor- 
mal = 1), plasma ADH = 60 pg/ml (normal = 3 pg/ml), 
and plasma aldosterone = 15 ng/dl (normal = 6 ng/dl). 
What is the most likely reason for this patient’s hyper- 
natremia? 

A) Dehydration caused by decreased fluid intake 

B) Syndrome of inappropriate ADH 

C) Nephrogenic diabetes insipidus 

D) Primary aldosteronism 

E) Renin-secreting tumor 
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1. C) A 3% NaCl solution is hypertonic, and when in- 
fused intravenously, it would increase extracellular 
fluid volume and osmolarity, thereby causing water to 
flow out of the cell. This action would decrease intra- 
cellular fluid volume and further increase extracellular 
fluid volume. The 0.9% NaCl solution and 5% dextrose 
solution are isotonic and therefore would not reduce 
intracellular fluid volume. Pure water and the 0.45% 
NaCl solution are hypotonic, and when infused, they 
would increase both intracellular and extracellular 
fluid volumes. 

TMP13 pp. 311-314 

2. B) Partial obstruction of a major vein draining a tis- 
sue would increase capillary hydrostatic pressure in 
the tissue, which, in turn, would raise capillary fluid 
filtration and cause increases interstitial fluid volume, 
interstitial fluid hydrostatic pressure, and lymph flow. 
The increased lymph flow would “wash out” proteins 
from the interstitial fluid, decreasing interstitial fluid 
protein concentration. 

TMP 13 p. 31 7 

3. C) The hypernatremia (plasma Na + = 165 mmol/L) 
associated with a low blood pressure (88/44 mm 
Hg) suggests dehydration. The frequent urination 
and low urine specific gravity (1.003, which implies 
a urine osmolarity of about 100-120 mOsm/L) de- 
spite hypernatremia and dehydration suggests dia- 
betes insipidus due to either insufficient secretion 
of ADH (central diabetes insipidus) or failure of the 
kidneys to respond to ADH (nephrogenic diabetes 
insipidus). 

TMP 13 pp. 315-316, 378-379, 438-439 

4. D) A severe renal artery stenosis that reduces GFR to 
25% of normal would also decrease renal blood flow 
but would cause only a transient decrease in urinary 
creatinine excretion. The transient decrease in cre- 
atinine excretion would increase serum creatinine (to 
about four times normal), which would restore the fil- 
tered creatinine load to normal and therefore return 
urinary creatinine excretion to normal levels under 
steady-state conditions. Urinary sodium secretion 
would also decrease transiently but would be restored 
to normal so that intake and excretion of sodium are 
balanced. Plasma sodium concentration would not 
change significantly because it is carefully regulated 
by the ADH-thirst mechanism. 

TMP13 pp. 366, 435-436 



5. B) A 1% solution of dextrose is hypotonic, and when 
infused, it would increase both intracellular and ex- 
tracellular fluid volumes while decreasing the osmo- 
larity of these compartments. 

TMP13 pp. 311-313 

6. B) Excessive secretion of ADH would increase renal 
tubular reabsorption of water, thereby increasing extra- 
cellular fluid volume and reducing extracellular fluid 
osmolarity. The reduced osmolarity, in turn, would 
cause water to flow into the cells and raise intracellular 
fluid volume. In the steady state, both extracellular 
and intracellular fluid volumes would increase, and 
osmolarity of both compartments would decrease. 

TMP13 pp. 314, 381-382 

7. C) A 3% solution of NaCl is hypertonic, and when in- 
fused into the extracellular fluid, it would raise osmolar- 
ity, thereby causing water to flow out of the cells into the 
extracellular fluid until osmotic equilibrium is achieved. 
In the steady state, extracellular fluid volume would in- 
crease, intracellular fluid volume would decrease, and 
osmolarity of both compartments would increase. 

TMP13 pp. 311-312 

8. C) Aldosterone stimulates potassium secretion by 
the principal cells of the collecting tubules. Therefore, 
blockade of the action of aldosterone with spironolac- 
tone would inhibit potassium secretion. Other factors 
that stimulate potassium secretion by the cortical col- 
lecting tubule include increased potassium concen- 
tration, increased cortical collecting tubule flow rate 
(as would occur with high sodium intake or a diuretic 
that reduces proximal tubular sodium reabsorption), 
and acute alkalosis. 

TMP13 pp. 392-396 

9. C) Phosphate excretion by the kidneys is controlled 
by an overflow mechanism. When the transport 
maximum for reabsorbing phosphate is exceeded, the 
remaining phosphate in the renal tubules is excreted 
in the urine and can be used to buffer hydrogen ions 
and form titratable acid. Phosphate normally begins 
to spill into the urine when the concentration of ex- 
tracellular fluid rises above a threshold of 0.8 mmol/L, 
which is usually exceeded. 

TMP13 pp. 397-398 

10. B) GFR is equal to inulin clearance, which is calcu- 
lated as the urine inulin concentration (100 mg/ ml) x 
urine flow rate (1 ml/min)/plasma inulin concentra- 
tion (2 mg/ml), which is equal to 50 ml/min. 

TMP13 p. 365 
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11. D) The net urea reabsorption rate is equal to the fil- 
tered load of urea (GFR [50 ml/min] x plasma urea 
concentration [2.5 mg/ml]) - urinary excretion rate 
of urea (urine urea concentration [50 mg/ml] x urine 
flow rate [1 ml/min]). Therefore, net urea reabsorp- 
tion = (50 ml/min x 2.5 mg/ml) - (50 mg/ml x 1 ml/ 
min) = 75 mg/min. 

TMP13 p. 365 

12. A) I< + excretion rate = urine I< + concentration (60 
mEq/L) x urine flow rate (0.001 L/min) = 0.06 mEq/ 
min. 

TMP13 p. 365 

13. E) Filtration fraction (FF) = GFR 4- Renal plasma flow 
(RPF). 

GFR= I< f x (P G - P B - tt g ) = 10 x (70 - 20 - 35) 
= 150 ml/min 

FF = 150 ml/min h- 428 ml/min = 0.35 

TMP13 pp. 337-338 

14. B) As water flows up the ascending limb of the loop 
of Henle, solutes are reabsorbed, but this segment 
is relatively impermeable to water; progressive di- 
lution of the tubular fluid occurs so that the osmo- 
larity decreases to approximately 100 mOsm/L by 
the time the fluid reaches the early distal tubule. 
Even during maximal antidiuresis, this portion of 
the renal tubule is relatively impermeable to water 
and is therefore called the diluting segment of the 
renal tubule. 

TMP13 pp. 378-379 

15. C) In the absence of ADH secretion, a marked in- 
crease in urine volume occurs because the late distal 
and collecting tubules are relatively impermeable to 
water. As a result of increased urine volume, there is 
dehydration and increased plasma osmolarity and high 
plasma sodium concentration. The resulting decrease 
in extracellular fluid volume stimulates renin secretion, 
resulting in an increase in plasma renin concentration. 

TMP13 p. 380 

16. C) When potassium intake is doubled (from 80 to 160 
mmol/day), potassium excretion also approximately dou- 
bles within a few days, and the plasma potassium con- 
centration increases only slightly. Increased potassium 
excretion is achieved largely by increased secretion of po- 
tassium in the cortical collecting tubule. Increased aldo- 
sterone concentration plays a significant role in increasing 
potassium secretion and in maintaining a relatively con- 
stant plasma potassium concentration during increases 
in potassium intake. Sodium excretion does not change 
markedly during chronic increases in potassium intake. 

TMP13 pp. 392-396 

17. D) Most of the daily variation in potassium excretion 
is caused by changes in potassium secretion in the late 



distal tubules and collecting tubules. Therefore, when 
the dietary intake of potassium increases, the total 
body balance of potassium is maintained primarily 
by an increase in potassium secretion in these tubular 
segments. Increased potassium intake has little effect 
on GFR or on reabsorption of potassium in the proxi- 
mal tubule and loop of Henle. Although high potas- 
sium intake may cause a slight shift of potassium into 
the intracellular compartment, a balance between in- 
take and output must be achieved by increasing the 
excretion of potassium during high potassium intake. 

TMP13 pp. 390-391 

18. E) A 50% decrease in efferent arteriolar resistance 
would cause a substantial decrease in GFR. A de- 
crease in renal arterial pressure from 100 to 80 mm 
Hg in a normal kidney would cause only a slight re- 
duction in GFR in a normal kidney because of auto- 
regulation. All of the other changes would tend to 
increase GFR. 

TMP13 pp. 337-339 

19. A) The patient described has protein in the urine 
(proteinuria) and reduced plasma protein concen- 
tration as a result of glomerulonephritis caused by 
an untreated streptococcal infection (“strep throat’’). 
The reduced plasma protein concentration, in turn, 
decreased the plasma colloid osmotic pressure and 
resulted in leakage from the plasma to the intersti- 
tium. The extracellular fluid edema raised interstitial 
fluid pressure and interstitial fluid volume, causing 
increased lymph flow and decreased interstitial fluid 
protein concentration. Increasing lymph flow causes 
a “washout’’ of the interstitial fluid protein as a safety 
factor against edema. The decreased blood volume 
would tend to lower blood pressure and stimulate the 
secretion of renin by the kidneys, raising the plasma 
renin concentration. 

TMP13 pp. 317-320 

20. C) In a patient with a very high rate of renin secre- 
tion, there would also be increased formation of angio- 
tensin II, which in turn would stimulate aldosterone 
secretion. The increased levels of angiotensin II and 
aldosterone would cause a transient decrease in so- 
dium excretion, which would cause expansion of the 
extracellular fluid volume and increased arterial pres- 
sure. The increased arterial pressure, as well as other 
compensations, would return sodium excretion to nor- 
mal so that intake and output are balanced. Therefore, 
under steady-state conditions, sodium excretion would 
be normal and equal to sodium intake. The increased 
aldosterone concentration would cause hypokalemia 
(decreased plasma potassium concentration), whereas 
the high level of angiotensin II would cause renal vaso- 
constriction and decreased renal blood flow. 

TMP13 pp. 399-401 
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21. B) This patient has respiratory acidosis because the 
plasma pH is lower than the normal level of 7.4 and 
the plasma Pco 2 is higher than the normal level of 40 
mm Hg (see table below). The elevation in plasma bi- 
carbonate concentration above normal (~24 mEq/L) 
is due to partial renal compensation for the respira- 
tory acidosis. Therefore, this patient has respiratory 
acidosis with partial renal compensation. 

TMP12 pp. 421-422 



Characteristics of Primary Acid-Base Disturbances 





pH 


H + 


Pco 2 


hco 3 - 


Normal 


7.4 


40 mEq/L 


40 mm Hg 


24 mEq/L 


Respiratory 

acidosis 


1 


T 


TT 


T 


Respiratory 

alkalosis 


T 


1 


XX 


X 


Metabolic 

acidosis 


1 


T 


X 


XX 


Metabolic 

alkalosis 


T 


X 


T 


TT 



The primary event is indicated by the double arrows (TT or it). Note that 
respiratory acid-base disorders are initiated by an increase or decrease in 
Pco 2 , whereas metabolic disorders are initiated by an increase or decrease 
in HC0 3 - 



22. D) GFR is approximately equal to creatinine clear- 
ance, which is calculated as the urine creatinine con- 
centration (50 mg/100 ml) x urine flow rate (3 ml/ 
min)/plasma creatinine concentration (3 mg/100 ml), 
which is equal to 50 ml/min. Urine flow rate = 4320 
ml/24 h = 4320 ml/ 1440 min = 3 ml/min. 

TMP12, pp. 366-367 

23. D) An important compensation for respiratory 
acidosis is increased renal production of NH 4 + and in- 
creased NH 4 + excretion. In acidosis, urinary excretion 
of HC0 3 “ would be reduced, as would urine pH, and 
urinary titratable acid would be slightly increased as a 
compensatory response to the acidosis. 

TMP13 pp. 418-419 

24. C) Because the patient has a low plasma pH (normal 
= 7.4), he has acidosis. The fact that his plasma bicar- 
bonate concentration is also low (normal = 24 mEq/L) 
indicates that he has metabolic acidosis. However, he 
also appears to have respiratory acidosis because his 
plasma Pco 2 is high (normal = 40 mm Hg). The rise 
in Pco 2 is due to his impaired breathing as a result of 
cardiopulmonary arrest. Therefore, the patient has a 
mixed acidosis with combined metabolic and respira- 
tory acidosis. 

TMP13 pp. 422-426 
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25. B) Inhibition of aldosterone causes hyperkalemia 
by two mechanisms: (1) shifting potassium out of 
the cells into the extracellular fluid, and (2) decreas- 
ing cortical collecting tubular secretion of potassium. 
Increasing potassium intake from 60 to 180 mmol/day 
would cause only a very small increase in plasma po- 
tassium concentration in a person with normal kid- 
neys and normal aldosterone feedback mechanisms 
(see TMP13 Figs. 30-7 and 30-8). A reduction in 
sodium intake also has very little effect on plasma 
potassium concentration. Chronic treatment with a 
diuretic that inhibits loop of Henle Na + -2C1“-I< + co- 
transport would tend to cause potassium loss in the 
urine and hypokalemia. However, chronic treatment 
with a diuretic that inhibits sodium reabsorption in 
the collecting ducts, such as amiloride, would have 
little effect on plasma potassium concentration. 

TMP13 pp. 393-394 




26. D) Excessive activity of the amiloride-sensitive sodium 
channel in the collecting tubules would cause a tran- 
sient decrease in sodium excretion and expansion of 
extracellular fluid volume, which in turn would increase 
arterial pressure and decrease renin secretion, leading 
to decreased aldosterone secretion. Under steady-state 
conditions, sodium excretion would return to normal 
so that intake and renal excretion of sodium are bal- 
anced. One of the mechanisms that re-establishes this 
balance between intake and output of sodium is the rise 
in arterial pressure that induces a "pressure natriuresis.” 
TMP13 pp. 399-401, 439-440 



27. A) Primary excessive secretion of aldosterone (Conn’s 
syndrome) would be associated with marked hypokale- 
mia and metabolic alkalosis (increased plasma pH). Be- 
cause aldosterone stimulates sodium reabsorption and 
potassium secretion by the cortical collecting tubule, 
there could be a transient decrease in sodium excre- 
tion and an increase in potassium excretion, but un- 
der steady-state conditions, both urinary sodium and 
potassium excretion would return to normal to match 
the intake of these electrolytes. However, the sodium 
retention and the hypertension associated with aldo- 
sterone excess would tend to reduce renin secretion. 

TMP13 pp. 392, 404 



28. B) A doubling of plasma creatinine implies that the 
creatinine clearance and GFR have been reduced by 
approximately 50%. Although the reduction in cre- 
atinine clearance would initially cause a transient 
decrease in filtered load of creatinine, creatinine ex- 
cretion rate, and sodium excretion rate, the plasma 
concentration of creatinine would increase until the 
filtered load of creatinine and the creatinine excretion 
rate returned to normal. However, creatinine clearance 
would remain reduced because creatinine clearance is 
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the urinary excretion rate of creatinine divided by the 
plasma creatinine concentration. Urinary sodium ex- 
cretion would also return to normal and would equal 
the sodium intake, under steady-state conditions, as a 
result of compensatory mechanisms that reduce renal 
tubular reabsorption of sodium. 

TMP13 pp. 366, 435-436 

29. C) The glomerular capillary filtration coefficient is 
the product of the hydraulic conductivity and surface 
area of the glomerular capillaries. Therefore, increasing 
the glomerular capillary filtration coefficient tends to 
increase GFR. Increased afferent arteriolar resistance, 
decreased efferent arteriolar resistance, increased 
Bowman’s capsule hydrostatic pressure, and decreased 
glomerular hydrostatic pressure tend to decrease GFR. 

TMP13 pp. 337-340 

30. D) Impairment of proximal tubular NaCl reabsorp- 
tion would increase NaCl delivery to the macula 
densa, which in turn would cause a tubuloglomerular 
feedback-mediated increase in afferent arteriolar re- 
sistance. The increased afferent arteriolar resistance 
would decrease the GFR. Initially there would be a 
transient increase in sodium excretion, but after 3 
weeks, steady-state conditions would be achieved. 
Sodium excretion would equal sodium intake, and 
no significant change would occur in urinary sodium 
excretion. 

TMP13 pp. 343-345 

31. D) The net potassium reabsorption rate is equal to 
the filtered load of urea (GFR [50 ml/min] x plasma 
potassium concentration [4 mmol/L]) - urinary ex- 
cretion rate of potassium (urine potassium concen- 
tration [30 mmol/L] x urine flow rate [3 ml/min]). 
Therefore, net potassium reabsorption = (0.050 
L/min x 4 mmol/L) - (30 mmol/L x 0.003 L/min) = 
0.110 mmol/min. In this example the flow terms for 
GFR and urine flow rate are converted to L/min be- 
cause the concentrations of potassium are in mmol/L. 

TMP13 pp. 365-367 

32. D) If a substance is completely cleared from the 
plasma, the clearance rate of that substance would 
equal the total renal plasma flow. In other words, the 
total amount of substance delivered to the kidneys in 
the blood (renal plasma flow x concentration of sub- 
stance in the blood) would equal the amount of that 
substance excreted in the urine. Complete renal clear- 
ance of a substance would require both glomerular fil- 
tration and tubular secretion of that substance. 

TMP13 pp. 365-368 

33. C) The patient has a lower than normal pH and is there- 
fore acidotic. Because the plasma bicarbonate concentra- 
tion is also lower than normal, the patient has metabolic 
acidosis with respiratory compensation (i.e., Pco 2 is 
lower than normal). The plasma anion gap (Na + -Cl“- 
HC0 3 “ = 10 mEq/L) is in the normal range, suggesting 



that the metabolic acidosis is not caused by excess non- 
volatile acids such as salicylic acid or ketoacids caused by 
diabetes mellitus. Therefore, the most likely cause of the 
metabolic acidosis is diarrhea, which would cause a loss 
of HC0 3 “ in the feces and would be associated with a 
normal anion gap and a hyperchloremic (increased chlo- 
ride concentration) metabolic acidosis. 

TMP13 pp. 422, 426 

34. A) A 50% reduction of GFR would approximately 
double the plasma creatinine concentration because 
creatinine is not reabsorbed or secreted and its excre- 
tion depends largely on glomerular filtration. Therefore, 
when GFR decreases, the plasma concentration of cre- 
atinine increases until the renal excretion of creatinine 
returns to normal. Plasma concentrations of glucose, 
potassium, sodium, and hydrogen ions are closely regu- 
lated by multiple mechanisms that keep them relatively 
constant even when GFR falls to very low levels. Plasma 
phosphate concentration is also maintained near normal 
until GFR falls to below 20% to 30% of normal. 

TMP13 pp. 366, 435-436 

35. C) Calculation of fluid shifts and osmolarities after infu- 
sion of hypertonic saline solution is discussed in Chapter 
25 of TMP13 (pp. 312-314). The tables shown above rep- 
resent the initial conditions and the final conditions after 
infusion of 2 liters of 3% NaCl and osmotic equilibrium. 
Three percent NaCl is equal to 30 grams of NaCl/L, or 
0.513 mol/L (513 mmol/L). Because NaCl has two os- 
motically active particles per mole, the net effect is to 
add a total of 2052 millimoles in 2 liters of solution. As 
an approximation, one can assume that cell membranes 
are impermeable to the NaCl and that the NaCl infused 
remains in the extracellular fluid compartment. 

TMP13 pp. 311-314 

36. B) Extracellular fluid volume is calculated by divid- 
ing the total milliosmoles in the extracellular com- 
partment (5172 mOsm) by the concentration after 
osmotic equilibrium (300 mOsm/L) to give 17.2 liters. 

TMP13 pp. 311-314 

37. C) A 50% reduction in afferent arteriolar resistance 
with no change in arterial pressure would increase re- 
nal blood flow and glomerular hydrostatic pressure, 
thereby increasing GFR. At the same time, the reduc- 
tion in afferent arteriolar resistance would raise peri- 
tubular capillary hydrostatic pressure. 

TMP13 pp. 338-340 

38. A) The net filtration pressure at the glomerular cap- 
illaries is equal to the sum of the forces favoring fil- 
tration (glomerular capillary hydrostatic pressure) 
minus the forces that oppose filtration (hydrostatic 
pressure in Bowman’s space and glomerular colloid 
osmotic pressure). Therefore, the net pressure driving 
glomerular filtration is 50 - 12 - 30 = 8 mm Hg. 

TMP13 p. 337 
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39. D) Uncontrolled diabetes mellitus results in increased 
blood acetoacetic acid levels, which in turn cause met- 
abolic acidosis and decreased plasma HC0 3 “ and pH. 
The acidosis causes several compensatory responses, 
including increased respiratory rate, which reduces 
plasma Pco 2 ; increased renal NH + production, which 
leads to increased NH + excretion; and increased phos- 
phate buffering of hydrogen ions secreted by the renal 
tubules, which increases titratable acid excretion. 

TMP13 p. 422 
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44. C) The filtered load of glucose in this example is 
determined as follows: GFR (150 ml/min) x plasma 
glucose (300 mg/dl) = 450 mg/min. The transport 
maximum for glucose in this example is 300 mg/min. 
Therefore, the maximum rate of glucose reabsorption 
is 300 mg/min. The urinary glucose excretion is equal 
to the filtered load (450 mg/min) minus the tubular 
reabsorption of glucose (300 mg/min), or 150 mg/ 
min. 

TMP13 pp. 350-351, 365 




40. B) Infusion of a hypotonic solution of NaCl would 
initially increase extracellular fluid volume and de- 
crease extracellular fluid osmolarity. The reduction 
in extracellular fluid osmolarity would cause osmotic 
flow of fluid into the cells, thereby increasing intra- 
cellular fluid volume and decreasing intracellular fluid 
osmolarity after osmotic equilibrium. 

TMP13 pp. 312-314 

41. A) For any given molecular radius, positively charged 
molecules (cations) are filtered more readily than neg- 
atively charged molecules (anions) because negative 
charges on the proteins of the basement membrane 
and podocytes of the glomerular capillaries tend to 
repel large negatively changed molecules (e.g., poly- 
cationic dextrans, curve C). Large positively charged 
molecules (curve A) are filtered more readily. 

TMP 13 p. 336 

42. C) Because water is reabsorbed by the renal tubules 
whereas creatinine is not reabsorbed, the concentra- 
tion of creatinine in the renal tubular fluid will in- 
crease as fluid flows from the proximal to the distal 
tubule. An increase in the concentration from 1.0 
mg/100 ml in the proximal tubule to 5.0 mg/100 ml in 
the distal tubule means that only about one fifth (20%) 
of the water that was in the proximal tubules remains 
in the distal tubule. 

TMP 13 p. 354 

43. C) Peritubular capillary fluid reabsorption is de- 
termined by the balance of hydrostatic and colloid 
osmotic forces in the peritubular capillaries. Increased 
efferent arteriolar resistance reduces peritubular cap- 
illary hydrostatic pressure and therefore increases the 
net force favoring fluid reabsorption. Increased blood 
pressure tends to raise peritubular capillary hydrostat- 
ic pressure and reduce fluid reabsorption. Decreased 
filtration fraction increases the peritubular capillary 
colloid osmotic pressure and tends to reduce peritu- 
bular capillary reabsorption. Decreased angiotensin 
II causes vasodilatation of efferent arterioles, raising 
peritubular capillary hydrostatic pressure, decreasing 
reabsorption, and decreasing tubular transport of wa- 
ter and electrolytes. Increased renal blood flow also 
tends to raise peritubular capillary hydrostatic pres- 
sure and decrease fluid reabsorption. 

TMP13 pp. 360-362 



45. B) Excess aldosterone increases sodium reabsorp- 
tion and potassium secretion by the principal cells 
of the collecting tubules, causing sodium retention, 
increased blood pressure, and decreased renin se- 
cretion while increasing excretion of potassium and 
tending to decrease plasma potassium concentration. 
Excess aldosterone also causes a shift of potassium 
from the extracellular fluid into the cells, further re- 
ducing plasma potassium concentration. Aldosterone 
excess also stimulates hydrogen ion secretion and bi- 
carbonate reabsorption by the intercalated cells and 
tends to increase plasma pH (alkalosis). Therefore the 
classic manifestations of excess aldosterone secretion 
are hypokalemia, hypertension, alkalosis, and low re- 
nin levels. 

TMP 13 pp. 356-357, 390 

46. B) Potassium secretion by the cortical collecting 
ducts is stimulated by (1) aldosterone, (2) increased 
plasma potassium concentration, (3) increased flow 
rate in the cortical collecting tubules, and (4) alka- 
losis. Therefore, a diuretic that inhibits aldosterone, 
decreased plasma potassium concentration, acute 
acidosis, and low sodium intake would all tend to de- 
crease potassium secretion by the cortical collecting 
tubules. A diuretic that decreases loop of Henle sodi- 
um reabsorption, however, would tend to increase the 
flow rate in the cortical collecting tubule and there- 
fore stimulate potassium secretion. 

TMP13 pp. 392, 396 

47. B) This patient with diabetes mellitus and chronic re- 
nal disease has a reduction in creatinine clearance to 
40% of normal, implying a marked reduction in GFR. 
He also has acidosis, as evidenced by a plasma pH 
of 7.14. The decrease in creatinine clearance would 
cause only a transient reduction in sodium excretion 
and creatinine excretion rate. As the plasma creati- 
nine concentration increased, the urinary creatinine 
excretion rate would return to normal, despite the 
sustained decrease in creatinine clearance (creatinine 
excretion rate/plasma concentration of creatinine). 
Diabetes is associated with increased production of 
acetoacetic acid, which would cause metabolic acido- 
sis and decreased plasma HC0 3 ~ concentration, as 
well as a compensatory increase in renal NH 4 + pro- 
duction and increased NH 4 + excretion rate. 

TMP13 pp. 422, 435-436 
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48. A) The filtration rate of glucose in this example is 
GFR (50 ml/min) x plasma glucose concentration (200 
mg/100 ml, or 2 mg/ ml) = 100 mg/ min. Because the 
transport maximum for glucose in this example is 150 
mg/min, all of the filtered glucose would be reabsorbed 
and the renal excretion rate for glucose would be zero. 

TMP 13 pp. 350-351 

49. C) A reduction in plasma protein concentration to 
3.6 g/dl would increase the capillary filtration rate, 
thereby raising interstitial fluid volume and inter- 
stitial fluid hydrostatic pressure. The increased 
interstitial fluid pressure would, in turn, increase 
the lymph flow rate and reduce the interstitial fluid 
protein concentration (“washout” of interstitial flu- 
id protein). 

TMP13 pp. 316-318 

50. B) The most likely diagnosis for this patient is dia- 
betes insipidus, which can account for the polyuria 
and the fact that her urine osmolarity is very low 
(80 mOsm/L) despite overnight water restriction. In 
many patients with diabetes insipidus, the plasma 
sodium concentration can be maintained relatively 
close to normal by increasing fluid intake (polydipsia). 
When water intake is restricted, however, the high 
urine flow rate leads to rapid depletion of extracellular 
fluid volume and severe hypernatremia, as occurred 
in this patient. The fact that she has no glucose in her 
urine rules out diabetes mellitus. Neither primary al- 
dosteronism nor a renin-secreting tumor would lead 
to an inability to concentrate the urine after overnight 
water restriction. Syndrome of inappropriate ADH 
would cause excessive fluid retention and increased 
urine osmolarity. 

TMP13 pp. 380-381,385 

51. C) The filterability of solutes in the plasma is in- 
versely related to the size of the solute (molecular 
weight). Also, positively charged molecules are fil- 
tered more readily than are neutral molecules or 
negatively charged molecules of equal molecular 
weight. Therefore, the positively charged polyca- 
tionic dextran with a molecular weight of 25,000 
would be the most readily filtered substance of the 
choices provided. Red blood cells are not filtered at 
all by the glomerular capillaries under normal con- 
ditions. 

TMP13 pp. 336-337 

52. A) In normally functioning kidneys, approximately 
two thirds of the water filtered by the glomerular 
capillaries is reabsorbed in the proximal tubule. 
Although dehydration increases ADH levels and 
water reabsorption by the distal tubules, collecting 
tubules, and collecting ducts, and this action con- 
tributes importantly to decreased water excretion 
in dehydration, the total amount of water that re- 
mains in these tubular segments is small compared 



with the amount of water in the proximal tubules 
(see the figure below). 

TMP 13 pp. 378-379 




53. D) Furosemide (Lasix) inhibits the Na + -2C1“-K + 
co-transporter in the ascending limb of the loop of 
Henle. This action not only causes marked natriuresis 
and diuresis but also reduces the urine-concentrating 
ability. Furosemide does not cause edema; in fact, it 
is often used to treat severe edema and heart failure. 
Furosemide also increases the renal excretion of 
potassium and calcium and therefore tends to cause 
hypokalemia and hypocalcemia rather than increasing 
the plasma concentrations of potassium and calcium. 

TMP13 pp. 355, 394-397, 427-428 

54. B) Hypernatremia can be caused by excessive sodium 
retention or water loss. The fact that the patient has 
large volumes of dilute urine suggests excessive uri- 
nary water excretion. Of the two possible disturbances 
listed that could cause excessive urinary water excre- 
tion (nephrogenic diabetes insipidus and central dia- 
betes insipidus), nephrogenic diabetes insipidus is the 
most likely cause. Central diabetes insipidus (decreased 
ADH secretion) is not the correct answer because plas- 
ma ADH levels are markedly elevated. Simple dehydra- 
tion due to decreased water intake is unlikely because 
the patient is excreting large volumes of dilute urine. 

TMP13 pp. 314-315, 380-381 

55. D) Dehydration due to water deprivation decreases 
extracellular fluid volume, which in turn increases re- 
nin secretion and decreases plasma atrial natriuretic 
peptide. Dehydration also increases the plasma sodi- 
um concentration, which stimulates the secretion of 
ADH. The increased ADH increases water permeabil- 
ity in the collecting ducts. The ascending limb of the 
loop of Henle is relatively impermeable to water, and 
this low permeability is not altered by water depriva- 
tion or increased levels of ADH. 

TMP13 pp. 375-376 



96 



56. C) High urine flow occurs in type 1 diabetes because 
the filtered load of glucose exceeds the renal threshold, 
resulting in an increase in glucose concentration in the 
tubule, which decreases the osmotic driving force for 
water reabsorption. Increased urine flow reduces extra- 
cellular fluid volume and stimulates the release of ADH. 

TMP13 pp. 350-351, 381-382 

57. C) Excess aldosterone and a high-salt diet could cause 
serious hypokalemia because aldosterone stimulates 
potassium secretion by the renal tubules (and there- 
fore tends to increase potassium excretion), as well as 
causing a shift of potassium from the extracellular fluid 
into the cells. A high-salt diet would exacerbate the hy- 
pokalemia because this would increase collecting tu- 
bular flow rate, which would tend to further increase 
renal potassium secretion. Treatment with spirono- 
lactone or a |3-adrenergic blocker or Addison’s disease 
(adrenal insufficiency) would tend to increase plasma 
potassium concentration. Changes in sodium and po- 
tassium intakes over the ranges indicated would have 
minimal effects on plasma potassium concentration. 

TMP 13 pp. 390-395 

58. D) Ingestion of excess aspirin (acetylsalicylic acid) 
would tend to cause metabolic acidosis, which would 
lead to decreases in plasma HC0 3 ~, decreased Pco 2 
(due to respiratory compensation), decreased urine 
HC0 3 “ excretion and increased NH 4 + excretion 
(renal compensation), and increased anion gap due to 
increased unmeasured anions. 

TMP 13 pp. 424-426 

59. B) Approximately 30% to 40% of the filtered urea is 
reabsorbed in the proximal tubule. However, the tu- 
bular fluid urea concentration increases because urea 
is not nearly as permeant as water in this nephron 
segment. Urea concentration increases further in the 
tip of the loop of Henle because water is reabsorbed in 
the descending limb of the loop of Henle. Under con- 
ditions of antidiuresis, urea is further concentrated as 
water is reabsorbed and as fluid flows along the col- 
lecting ducts. Therefore, the final urine concentration 
of urea is substantially greater than the concentration 
in the proximal tubule or in the plasma. 

TMP13 pp. 376-377 

60. C) Diuretics that inhibit loop of Henle sodium reab- 
sorption are used to treat conditions associated with 
excessive fluid volume (e.g., hypertension and heart 
failure). These diuretics initially cause an increase 
in sodium excretion that reduces extracellular fluid 
volume and blood pressure, but under steady-state 
conditions, the urinary sodium excretion returns to 
normal, due in part to the fall in blood pressure. One 
of the important adverse effects of loop diuretics is 
hypokalemia that is caused by the inhibition of Na + - 
2C1“-I< + co-transport in the loop of Henle and by the 
increased tubular flow rate in the cortical collecting 
tubules, which stimulates potassium secretion. 

TMP13 pp. 394-395, 427-428 
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61. A) A reduction in the number of functional neph- 
rons to 25% of normal would cause a compensatory 
increase in GFR and urine flow rate of the surviving 
nephrons and decreased urine concentrating ability. 
Under steady-state conditions, the urinary creatinine 
excretion rate and sodium excretion rate would be 
maintained at normal levels. (For further information, 
see TMP13, Table 32-6.) 

TMP13 pp. 435-436 



62. A) Excessive secretion of ADH increases water reab- 
sorption by the renal collecting tubules, which reduces 
extracellular fluid sodium concentration (hyponatre- 
mia). Restriction of fluid intake, excessive aldosterone 
secretion, or administration of hypertonic 3% NaCl 
solution would all cause increased plasma sodium 
concentration (hypernatremia), whereas administra- 
tion of 0.9% NaCl (an isotonic solution) would cause 
no major changes in plasma osmolarity. 

TMP13 pp. 312-314 



63. A) A 75% loss of nephrons would not cause a large 
increase in plasma sodium concentration because 
tubular reabsorption of sodium is reduced in pro- 
portion to the reduction in filtered load of sodium 
cause by nephron loss, and because the ADH-thirst 
mechanisms help maintain extracellular sodium con- 
centration at a fairly constant level. Plasma creatinine 
is inversely related to GFR and would increase to ap- 
proximately four times normal as GFR is reduced to 
one fourth normal. If fluid intake remains constant, 
the average volume excreted by the surviving neph- 
rons would need to increase to four times normal to 
maintain fluid balance, and this high flow rate in the 
nephrons would reduce urine-concentrating ability. 
Plasma phosphate concentration is maintained at a 
nearly normal level until GFR falls below about 30% of 
normal, and then the plasma concentration rises pro- 
gressively as GFR decreases further (see figure below). 

TMP 13 pp. 435-436 
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64. D) Approximately 40% to 50% of the filtered urea is 
reabsorbed in the proximal tubule. The distal convo- 
luted tubule and the cortical collecting tubules are rel- 
atively impermeable to urea, even under conditions of 
antidiuresis; therefore, little urea reabsorption takes 
place in these segments. Likewise, very little urea 
reabsorption takes place in the thick ascending limb 
of the loop of Henle. Under conditions of antidiure- 
sis, the concentration of urea in the renal medullary 
interstitial fluid is markedly increased because of 
reabsorption of urea from the collecting ducts, which 
contributes to the hyperosmotic renal medulla. 

TMP13 pp. 376-377 

65. B) Free water clearance is calculated as urine flow 
rate (600 ml/2 h, or 5 ml/ min) - osmolar clearance 
(urine osmolarity x urine flow rate/plasma osmolarity). 
Therefore, free water clearance is equal to +2.5 ml/ min. 

TMP13 p. 380 

66. E) In the absence of ADH, the late distal tubule 
and collecting tubules are not permeable to water 
(see above). Therefore, the tubular fluid, which is al- 
ready dilute when it leaves the loop of Henle (about 
100 mOsm/L), becomes further diluted as it flows 
through the late distal tubule and collecting tubules as 
electrolytes are reabsorbed. Therefore, the final urine 
osmolarity in the complete absence of ADH is less 
than 100 mOsm/L. 

TMP13 p. 378, Fig. 29-8 

67. A) About 65% of the filtered potassium is reabsorbed 
in the proximal tubule, and another 20% to 30% is reab- 
sorbed in the loop of Henle. Although most of the daily 
variation in potassium excretion is caused by changes 
in potassium secretion in the distal and collecting tu- 
bules, only a small percentage of the filtered potassium 
load can be reabsorbed in these nephron segments. 
(For further information, see TMP13, Fig. 30-2.) 

TMP13 pp. 390-391 

68. A) The proximal tubule normally absorbs approximate- 
ly 65% of the filtered water, with much smaller percent- 
ages being reabsorbed in the descending loop of Henle 
and in the distal and collecting tubules. The ascending 
limb of the loop of Henle is relatively impermeable to 
water and therefore reabsorbs very little water. 

TMP13 pp. 353, 378-379 



70. D) Interstitial fluid volume is equal to extracellular 
fluid volume minus plasma volume. Extracellular fluid 
volume can be estimated from the distribution of inu- 
lin or 22 Na, whereas plasma volume can be estimated 
from 125 I-albumin distribution. Therefore, interstitial 
fluid volume is calculated from the difference between 
the inulin distribution space and the 125 I-albumin dis- 
tribution space. 

TMP13 pp. 309-310, Table 25-3 

71. F) Furosemide (Lasix) is a “loop’' diuretic that inhib- 
its the Na + -CL-K + co-transporter in the thick ascend- 
ing loop of Henle, thus reducing urine-concentrating 
ability, increasing renal excretion of Na + , Cl“, and I< + , 
and tending to cause hypokalemia. 

TMP 13 pp. 427-428 

72. D) Uncontrolled type 1 diabetes would tend to cause 
metabolic acidosis (decreases in plasma pH and 
HC0 3 “) due to increased metabolisms of fat and pro- 
duction of acetoacetic acid, which, in turn, would be 
associated with increased anion gap. The normal re- 
spiratory compensation would decrease plasma Pco 2 . 

TMP 13 p. 426 

73. E) Metabolic alkalosis is associated with hypokale- 
mia due to a shift of potassium from the extracellu- 
lar fluid into the cells (see table below). (3-adrenergic 
blockade, insulin deficiency, strenuous exercise, and 
aldosterone deficiency all cause hyperkalemia due to a 
shift of potassium out of the cells into the extracellular 
fluid. 

TMP13 pp. 389-390, Table 30-1 



Factors That Can Alter Potassium Distribution Between the 
Intracellular and Extracellular Fluid 



Factors That Shift K + Into 
Cells (Decrease Extracellular 

K + ) 

Insulin 

Aldosterone 

(5-Adrenergic stimulation 
Alkalosis 



Factors That Shift K + Out of 
Cells (Increase Extracellular 

K + ) 

Insulin deficiency (diabetes 
mellitus) 

Aldosterone deficiency (Addi- 
son's disease) 

(5-Adrenergic blockade 

Acidosis 

Cell lysis 

Strenuous exercise 



69. C) The thick ascending limb of the loop of Henle is rela- 
tively impermeable to water even under conditions of 
maximal antidiuresis. The proximal tubule and descend- 
ing limb of the loop of Henle are highly permeable to wa- 
ter under normal conditions, as well as during antidiure- 
sis. Water permeability of the late distal and collecting 
tubules increases markedly during antidiuresis because 
of the effects of increased levels of ADH. 

TMP13 pp. 378-379 



Increased extracellular fluid 
osmolarity 



74. D) In this example, the filtered load of glucose is 
equal to GFR (100 ml/min) x plasma glucose (150 
mg/dl), or 150 mg/min. If there is no detectable glu- 
cose in the urine, the reabsorption rate is equal to the 
filtered load of glucose, or 150 mg/min. 

TMP13 p. 365 
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75. B) Furosemide is a powerful inhibitor of the Na + - 
2C1“-K + co-transporter in the loop of Henle. Thiazide 
diuretics primarily inhibit NaCl reabsorption into the 
distal tubule, whereas carbonic anhydrase inhibitors 
decrease bicarbonate reabsorption in the tubules. 
Amiloride inhibits sodium channel activity, whereas 
spironolactone inhibits the action of mineralocorti- 
coids in the renal tubules. Osmotic diuretics inhibit 
water and solute reabsorption by increasing osmolar- 
ity of the tubular fluid. 

TMP13 p. 428 

76. E) Decreased efferent arteriolar resistance would 
increase renal blood flow while reducing glomerular 
hydrostatic pressure, which, in turn, would tend to 
decrease the GFR. 

TMP 13 pp. 338-339 

77. D) The tubular fluid-plasma ratio of inulin concen- 
tration is 4 in the early distal tubule, as shown in the 
figure. Because inulin is not reabsorbed from the tu- 
bule, this means that water reabsorption must have 
concentrated the inulin to four times the level in the 
plasma that was filtered. Therefore, the amount of wa- 
ter remaining in the tubule is only one fourth of what 
was filtered, indicating that 75% of the water has been 
reabsorbed prior to the distal convoluted tubule. 

TMP13 p. 359 

78. E) Renal tubular acidosis results from a defect of renal 
secretion or H + , a defect in reabsorption of HC0 3 _ , or 
both. This defect causes metabolic acidosis associated 
with decreases in plasma pH and HC0 3 “ and a normal 
anion gap associated with hyperchloremia (increased 
plasma chloride concentration). Plasma Pco 2 is reduced 
because of respiratory compensation for the acidosis. 

TMP 13 p. 423 

79. D) The patient has classic symptoms of diabetes melli- 
tus: increased thirst, breath smelling of acetone (due to 
increased acetoacetic acids in the blood), high fasting 
blood glucose concentration, and glucose in the urine. 
The acetoacetic acids in the blood cause metabolic 
acidosis that leads to a compensatory decrease in renal 
HC0 3 “ excretion, decreased urine pH, and increased 
renal production of ammonium and HC0 3 “. The high 
level of blood glucose increases the filtered load of 
glucose, which exceeds the transport maximum for 
glucose, causing an osmotic diuresis (increased urine 
volume) due to the unreabsorbed glucose in the renal 
tubules acts as an osmotic diuretic. 

TMP13 pp. 350-351, 422 

80. C) Intracellular fluid volume is calculated as the dif- 
ference between total body fluid (0.57 x 60 kilograms 
= 34.2 kilograms, or approximately 34.2 liters) and 
extracellular fluid volume (12.8 liters), which equals 
21.4 liters. 

TMP13 pp. 309-310 



81. C) Plasma volume is calculated as blood volume (4.3 
liters) x (1.0 - hematocrit), which is 4.3 x 0.6 = 2.58 
liters (rounded up to 2.6). 

TMP13 pp. 309-310 

82. C) Interstitial fluid volume is calculated as the differ- 
ence between extracellular fluid volume (12.8 liters) 
and plasma volume (2.6 liters), which is equal to 10.2 
liters. 

TMP13 pp. 309-310 

83. C) The primary site of reabsorption of magnesium 
is in the loop of Henle, where about 65% of the fil- 
tered load of magnesium is reabsorbed. The proximal 
tubule normally reabsorbs only about 25% of filtered 
magnesium, and the distal and collecting tubules re- 
absorb less than 5%. 

TMP13 p. 398 

84. D) The principal cells of the collecting tubules are an 
important site of action of amiloride, which blocks 
entry of sodium into sodium channels. Thiazide di- 
uretics inhibit Na + -Cl“ co-transport in the early distal 
tubule. The collecting tubule cells are not very perme- 
able to urea. Furosemide inhibits the Na + -Cl _ -I< + co- 
transporter in the thick ascending loop of Henle. 

TMP 13 pp. 358, 377, 428 

85. A) The filtration rate of glucose in this example is GFR 
(100 ml/min) x plasma glucose concentration (200 
mg/100 ml, or 2 mg/ ml) = 100 mg/ min. Because the 
transport maximum for glucose in this example is 250 
mg/min, all of the filtered glucose would be reabsorbed 
and the renal excretion rate for glucose would be zero. 

TMP 13 pp. 350-351 

86. C) A plasma glucose concentration of 300 mg/dl 
would increase the filtered load of glucose above the 
renal tubular transport maximum and therefore in- 
crease urinary glucose excretion. The unreabsorbed 
glucose in the renal tubules would also cause an os- 
motic diuresis, increased urine volume, and decreased 
extracellular fluid volume, which would stimulate 
thirst. Increased glucose also causes vasodilatation of 
afferent arterioles, which increases GFR. 

TMP13 pp. 345-346, 351, 384-385 

87. B) GFR is approximately equal to the clearance of 
creatinine. Creatinine clearance = urine creatinine 
concentration (32 mg/dl) x urine flow rate (3600 
ml/24 h, or 2.5 ml/min) h- plasma creatinine concen- 
tration (4 mg/dL) = 20 ml/min. 

TMP13 pp. 365-366 

88. D) The net renal tubular reabsorption rate is the dif- 
ference between the filtered load of potassium (GFR x 
plasma potassium concentration) and the urinary ex- 
cretion of potassium (urine potassium concentration 
x urine flow rate). Therefore, the net tubular reabsorp- 
tion of potassium is 0.075 mmol/min. 

TMP13 pp. 365-366 
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89. D) Severe diarrhea would result in loss of HC0 3 
in the stool, thereby causing metabolic acidosis that 
is characterized by low plasma HC0 3 “ and low pH. 
Respiratory compensation would reduce Pco 2 . The 
plasma anion gap would be normal, and the plasma 
chloride concentration would be elevated (hyper- 
chloremic metabolic acidosis) in metabolic acidosis 
caused by HC0 3 _ loss in the stool. 

TMP13 pp. 421-426 

90. E) Primary excessive secretion of aldosterone causes 
metabolic alkalosis due to increased secretion of hy- 
drogen ions and HC0 3 _ reabsorption by the inter- 
calated cells of the collecting tubules. Therefore, the 
metabolic alkalosis would be associated with increas- 
es in plasma pH and HC0 3 “, with a compensatory 
reduction in respiration rate and increased Pco 2 . The 
plasma anion gap would be normal, with a slight re- 
duction in plasma chloride concentration. 

TMP13 pp. 424-426 

91. D) Proximal tubular acidosis results from a defect 
of renal secretion of hydrogen ions, reabsorption of 
bicarbonate, or both. This defect leads to increased 
renal excretion of HC0 3 “ and metabolic acidosis 
characterized by low plasma HC0 3 “ concentration, 
low plasma pH, a compensatory increase in respira- 
tion rate and low Pco 2 , and a normal anion gap with 
an increased plasma chloride concentration. 

TMP13 pp. 421-426 

92. F) A patient with diabetic ketoacidosis and emphy- 
sema would be expected to have metabolic acidosis 
(due to excess ketoacids in the blood caused by diabe- 
tes), as well as increased plasma Pco 2 due to impaired 
pulmonary function. Therefore, the patient would be 
expected to have decreased plasma pH, decreased 
HC0 3 “, increased Pco 2 , and an increased anion gap 
(Na + -Cl~-HC0 3 _ > 10-12 mEq/L) due to the addition 
of ketoacids to the blood. 

TMP13 pp. 422-426 

93. D) Secretion of hydrogen ions and reabsorption of 
HC0 3 “ depend critically on the presence of carbonic 
anhydrase in the renal tubules. After inhibition of car- 
bonic anhydrase, renal tubular secretion of hydrogen 
ions and reabsorption of HC0 3 “ would decrease, lead- 
ing to increased renal excretion of HC0 3 “, reduced 
plasma HC0 3 “ concentration, and metabolic acidosis. 
The metabolic acidosis, in turn, would stimulate the 
respiration rate, leading to decreased Pco 2 . The plasma 
anion gap would be within the normal range. 

TMP13 pp. 416-417, 425-426 

94. B) Acute renal failure caused by tubular necrosis 
would cause the rapid development of metabolic 
acidosis due to the kidneys’ failure to rid the body 
of the acid waste products of metabolism. The meta- 
bolic acidosis would lead to decreased plasma HC0 3 “ 



concentration. Acute renal failure would also lead to 
a rapid increase in blood urea nitrogen concentration 
and a significant increase in plasma potassium con- 
centration due to the kidneys’ failure to excrete elec- 
trolytes or nitrogenous waste products. Necrosis of 
the renal epithelial cells causes them to slough away 
from the basement membrane and plug up the renal 
tubules, thereby increasing hydrostatic pressure in 
Bowman’s capsule and decreasing GFR. 

TMP13 pp. 431,438 

95. C) The type A intercalated cells of the collecting 
tubules are important sites for H + secretion and I< + 
reabsorption, but the collecting tubules are not highly 
permeable to urea. Furosemide acts mainly in the 
thick ascending loop of Henle, and thiazide diuretics 
act mainly in the early distal tubule. 

TMP13 pp. 356-357 

96. D) Dehydration due to insufficient water intake 
and heavy exercise would increase plasma sodium 
concentration, which would then stimulate release 
of ADH. This would increase water reabsorption 
in the distal and collecting tubules/ducts, causing a 
small volume of highly concentrated urine. Primary 
aldosteronism would be associated with sodium and 
water retention but normal renal excretion (equal to 
intake) of sodium and water after a few days. Uncon- 
trolled diabetes mellitus is typically associated with 
large volumes of urine due to the osmotic diuresis as- 
sociated with the hyperglycemia. Diabetes insipidus is 
associated with large volumes of dilute urine. Bartter’s 
syndrome is defective Na + -Cl“-I< + co-transport in the 
thick ascending loop of Henle and is associated with 
increased urine volume. Fiddle’s syndrome is caused 
by increased sodium reabsorption and, like primary 
aldosteronism, is associated with sodium and water 
retention but normal renal excretion (equal to intake) 
of sodium and water after a few days. 

TMP13 pp. 439-440 

97. C) A large increase in aldosterone secretion combined 
with a high sodium intake would cause severe hypoka- 
lemia. Aldosterone stimulates potassium secretion and 
causes a shift of potassium from the extracellular fluid 
into the cells, and a high sodium intake increases the 
collecting tubular flow rate, which also enhances potas- 
sium secretion. In normal persons, potassium intake 
can be reduced to as low as one fourth of normal with 
only a mild decrease in plasma potassium concentra- 
tion (for further information, see TMP13, Fig. 30-8). A 
low sodium intake would tend to oppose aldosterone’s 
hypokalemic effect because a low sodium intake would 
reduce the collecting tubular flow rate and thus tend 
to reduce potassium secretion. Patients with Addison’s 
disease have a deficiency of aldosterone secretion and 
therefore tend to have hyperkalemia. 

TMP13 pp. 389, 392-395 
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98. E) Intracellular and extracellular body fluids have 
the same total osmolarity under steady-state condi- 
tions because the cell membrane is highly permeable 
to water. Therefore, water flows rapidly across the cell 
membrane until osmotic equilibrium is achieved. The 
colloid osmotic pressure is determined by the protein 
concentration, which is considerably higher inside the 
cell. The cell membrane is also relatively impermeable 
to potassium, sodium, and chloride, and active transport 
mechanisms maintain low intracellular concentra- 
tions of sodium and chloride and a high intracellular 
concentration of potassium. 

TMP13 pp. 310-312 

99. B) Fluid entering the early distal tubule is almost al- 
ways hypotonic because sodium and other ions are 
actively transported out of the thick ascending loop of 
Henle, whereas this portion of the nephron is virtually 
impermeable to water. For this reason, the thick as- 
cending limb of the loop of Henle and the early part of 
the distal tubule are often called the diluting segment. 

TMP13 pp. 354-355 

100. D) Chronic metabolic acidosis is, by definition, asso- 
ciated with decreased HC0 3 “. Decreased excretion of 
NH 4 C1 and HC0 3 “ occurs with renal compensation 
for the acidosis, and respiratory compensation for the 
acidosis increases the ventilation rate, resulting in de- 
creased plasma Pco 2 . 

TMP13 pp. 419-420 



UnitV The Body Fluids and Kidneys 



104. A) Free water clearance is calculated as urine flow 
rate (2.0 ml/min) - osmolar clearance (urine osmo- 
larity x urine flow rate/plasma osmolarity). Therefore, 
free water clearance is equal to +1.0 ml/min. 

TMP13 p. 380 



105. B) A 0 .45% NaCl solution is hypotonic. Therefore, 
administration of 2.0 liters of this solution would re- 
duce intracellular and extracellular fluid osmolarity 
and cause increases in intracellular and extracellular 
volumes. 




TMP13 pp. 312-313 



106. C) If the renal clearance is greater than the GFR, this 
implies that there must be secretion of that substance 
into the renal tubules. A substance that is freely fil- 
tered and not secreted or reabsorbed would have a 
renal clearance equal to the GFR. 

TMP13 p. 368 



107. A) In the proximal tubule, calcium reabsorption usu- 
ally parallels sodium and water reabsorption. With 
extracellular volume expansion or increased blood 
pressure, proximal sodium and water reabsorption is 
reduced, and a reduction in calcium reabsorption also 
occurs, causing increased urinary excretion of calci- 
um. Increased parathyroid hormone, increased plas- 
ma phosphate concentration, and metabolic alkalosis 
all tend to decrease the renal excretion of calcium. 

TMP13 pp. 396-398 



101. E) Although aldosterone is one of the body’s most 
potent sodium-retaining hormones, it stimulates so- 
dium reabsorption only in the late distal tubule and 
collecting tubules, which together reabsorb much less 
than 10% of the filtered load of sodium. Therefore, the 
maximum percentage of the filtered load of sodium 
that could be reabsorbed in the distal convoluted tu- 
bule and collecting duct, even in the presence of high 
levels of aldosterone, would be less than 10%. 

TMP13 pp. 355, 357-359 

102. D) GFR is equal to the clearance of inulin. Inulin 
clearance = urine inulin concentration (60 mg/ml) x 
urine flow rate (2 ml/min) /plasma inulin concentra- 
tion (2 mg/ml) = 60 ml/min. 

TMP13 pp. 365-368 

103. D) The net renal tubular potassium reabsorption rate 
is the difference between the filtered load of potassium 
(GFR x plasma potassium concentration) and the uri- 
nary excretion rate of potassium (urine potassium con- 
centration x urine flow rate). Therefore, the net tubular 
reabsorption rate of potassium is 200 pmol/min. 

TMP13 pp. 365-368 



108. C) Increasing sodium intake would decrease renin 
secretion and plasma renin activity, as well as re- 
duce plasma aldosterone concentration and increase 
plasma atrial natriuretic peptide because of a modest 
expansion of extracellular fluid volume. Although a 
high sodium intake would initially increase distal NaCl 
delivery, which would tend to increase potassium excre- 
tion, the decrease in aldosterone concentration would 
offset this effect, resulting in no change in potassium 
excretion under steady-state conditions. Even very 
large increases in sodium intake cause only minimal 
changes in plasma sodium concentration as long as 
the ADH-thirst mechanisms are fully operative. 

TMP13 pp. 394-395 

109. C) A 50% reduction in efferent arteriolar resistance 
would cause a large decrease in GFR— greater than 
10%. A decrease in renal artery pressure from 100 
to 85 mm Hg would cause only a slight decrease in 
GFR in a normal, autoregulating kidney. A decrease 
in afferent arteriole resistance, a decrease in plasma 
colloid osmotic pressure, or an increase in the glo- 
merular capillary filtration coefficient would all tend 
to increase GFR. 

TMP13 pp. 337-340, 343, Figs. 27-7 and 27-9 
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110. D) Acute metabolic acidosis reduces intracellular 
potassium concentration, which, in turn, decreases 
potassium secretion by the principal cells of the col- 
lecting tubules. The primary mechanism by which 
increased hydrogen ion concentration inhibits potas- 
sium secretion is by reducing the activity of the sodi- 
um-potassium adenosine triphosphatase pump. This 
action then reduces intracellular potassium concen- 
tration, which, in turn, decreases the rate of passive 
diffusion of potassium across the luminal membrane 
into the tubule. 

TMP13 p. 395 

111. E) The kidneys excrete little or no glucose as long as 
the filtered load of glucose (the product of the GFR 
and the plasma glucose concentration) does not ex- 
ceed the tubular transport maximum for glucose. 
Once the filtered load of glucose rises above the 
transport maximum, the excess glucose filtered is not 
reabsorbed and passes into the urine. Therefore, the 
urinary excretion rate of glucose can be calculated as 
the filtered load of glucose minus the transport maxi- 
mum. In this example, the filtered load of glucose is 
the GFR (150 ml/min) multiplied by the plasma glu- 
cose concentration (400 mg/ 100 ml, or 4 mg/ml), 
which is equal to 600 mg/min. Because the transport 
maximum is only 300 mg/min, the rate of glucose ex- 
cretion would be 600 minus 300 mg/min, or 300 mg/ 
min. 

TMP13 pp. 350-351, 365-368 

112. D) In a dehydrated person, osmolarity in the early 
distal tubule is usually less than 300 mOsm/L because 
the ascending limb of the loop of Henle and the early 
distal tubule are relatively impermeable to water, even 
in the presence of ADH. Therefore, the tubular fluid 
becomes progressively more dilute in these segments 
compared with plasma. ADH does not influence wa- 
ter reabsorption in the ascending limb of the loop of 
Henle. The ascending limb, however, reabsorbs sodi- 
um to a much greater extent than does the descending 
limb. Another important action of ADH is to increase 
the urea permeability in the medullary collecting 
ducts, which contributes to the hyperosmotic renal 
medullary interstitium in antidiuresis. 

TMP13 pp. 378-379 

113. E) A 50% reduction in GFR (from 80 to 40 ml/min) 
would result in an approximate 50% reduction in 
creatinine clearance rate because creatinine clear- 
ance is approximately equal to the GFR. This reduc- 
tion would, in turn, lead to doubling of the plasma 
creatinine concentration. This rise in plasma creati- 
nine concentration results from an initial decrease in 
creatinine excretion rate, but as the plasma creatinine 
concentration increases, the filtered load of creatinine 
(the product of GFR x plasma creatinine concentra- 
tion) returns to normal and creatinine excretion rate 
returns to normal under steady-state conditions. 



Thus, under the steady state conditions, a 50% 
reduction in GFR is associated with a doubling of 
plasma creatinine concentration, a 50% decrease in 
creatinine clearance, and a normal filtered load of cre- 
atinine, as well as no change in load of filtered creati- 
nine and no change in the creatinine excretion rate as 
long as the person’s protein metabolism is not altered. 
Likewise, the sodium excretion rate returns to normal 
even when the GFR is reduced because of multiple 
feedback systems that eventually re-establish sodium 
balance. Under steady-state conditions, sodium excre- 
tion must equal sodium intake to maintain life. 

TMP13 pp. 366-367, 399 

114. E) Most potassium secretion occurs in the collecting 
tubules. A high- potassium diet stimulates potassium 
secretion by the collecting tubules through multiple 
mechanisms, including small increases in extracellu- 
lar potassium concentration, as well as increased lev- 
els of aldosterone. 

TMP13 pp. 392-393 

115. A) Diabetic ketoacidosis results in a metabolic aci- 
dosis that is characterized by a decrease in plasma 
bicarbonate concentration, increased anion gap (due 
to the addition of unmeasured anions to the extracel- 
lular fluid along with the ketoacids), and a renal com- 
pensatory response that includes increased secretion 
of NH 4 + . There is also an increased respiratory rate 
with a reduction in arterial Pco 2 , as well as decreased 
urine pH and decreased renal HC0 3 “ excretion. 

TMP13 pp. 421-426 

116. A) Potassium excretion rate is calculated as urine I< + 
concentration multiplied by urine flow rate, which in 
this case = 60 mmol/L x 0.002 L/min = 0.12 mmol/ 
min. 

TMP13 pp. 365-368 

117. B) Interstitial fluid volume cannot be measured 
directly, but it can be calculated as the difference be- 
tween extracellular fluid volume (inulin space = 16 li- 
ters) and plasma volume ( 125 I-albumin space = 4 liters). 
Therefore, interstitial fluid volume is approximately 
12 liters. 

TMP13 pp. 309-310 

118. E) Increased levels of insulin cause a shift of potas- 
sium from the extracellular fluid into the cells. All the 
other conditions have the reverse effect of shifting po- 
tassium out of the cells into the extracellular fluid. 

TMP13 pp. 389-390 

119. D) This patient is severely dehydrated as a result of 
sweating and lack of adequate fluid intake. The dehy- 
dration markedly stimulates the release of ADH and 
renin secretion, which in turn stimulates the forma- 
tion of angiotensin II and aldosterone secretion. 

TMP13 pp. 363, 382 
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120. E) After running the race and losing both fluid and 
electrolytes, this person replaces his fluid volume by 
drinking 2 liters of water. However, he did not replace 
the electrolytes. Therefore, he would be expected to 
experience a decrease in plasma sodium concentra- 
tion, resulting in a decrease in both intracellular and 
extracellular fluid osmolarity. The decrease in extra- 
cellular fluid osmolarity would lead to an increase in 
intracellular volume as fluid diffused into the cells 
from the extracellular compartment. Therefore, after 
drinking the water and absorbing it, the total body 
volume would be normal but intracellular volume 
would be increased and extracellular volume would 
be reduced. 

TMP13 pp. 311-313 

121. B) Increased levels of parathyroid hormone stimu- 
late calcium reabsorption in the thick ascending loops 
of Henle and distal tubules. Extracellular fluid volume 
expansion, increased blood pressure, decreased plas- 
ma phosphate concentration, and metabolic acidosis 
are all associated with decreased calcium reabsorp- 
tion by the renal tubules. 

TMP13 pp. 396-397 

122. D) The patient has metabolic acidosis as evidenced 
by the reduced plasma HC0 3 “ concentration (normal 
= 24 mEq/L) and decreased arterial Pco 2 (normal is 
approximately 40 mm Hg). Because the plasma anion 
gap (plasma sodium - HC0 3 “ - chloride) is normal 
(approximately 10 mEq/L), the acidosis is not caused 
by excess nonvolatile acids caused by salicylic acid 
poisoning, diabetes, or methanol poisoning. There- 
fore, the most likely cause of the metabolic acidosis 
is diarrhea, which leads to loss of bicarbonate in the 
feces. With emphysema, the acidosis would be associ- 
ated with the increase in Pco 2 . 

TMP13 pp. 421-422, 426 

123. C) In this example, the acidosis is associated with a 
reduced plasma bicarbonate concentration, signify- 
ing metabolic acidosis. In addition, the patient also 
has an elevated Pco 2 , signifying respiratory acidosis. 
Therefore, the patient has simultaneous respiratory 
and metabolic acidosis. 

TMP13 pp. 422-426 

124. A) Urine flow rate is calculated as the difference be- 
tween GFR and tubular fluid reabsorption rate. If GFR 
decreases from 150 to 75 ml/min and tubular fluid re- 
absorption rate simultaneously decreases from 149 to 
75 ml/min, the urine flow rate would be the GFR mi- 
nus the tubular reabsorption rate, or 75 - 75 ml/min, 
which would equal 0 ml/min. 

TMP13 pp. 347, 365-366 

125. A) Chronic respiratory acidosis is caused by insuffi- 
cient pulmonary ventilation, resulting in an increase 
in Pco 2 . Acidosis, in turn, stimulates the secretion 
of hydrogen ions into the tubular fluid and increased 



renal tubular production of NH 4 + , which further con- 
tributes to the excretion of hydrogen ions and the re- 
nal production of HC0 3 “, thereby increasing plasma 
bicarbonate concentration. The increased tubular se- 
cretion of hydrogen ions also reduces urine pH. 

TMP13 p. 422 

126. F) Because creatinine is not reabsorbed significantly 
in the renal tubules, the concentration of creatinine 
progressively increases as water is reabsorbed along 
the renal tubular segments (see figure below). There- 
fore, in a normally hydrated person, the concentration 
of creatinine would be greatest in the collecting ducts. 

TMP13 p. 359 




127. B) Three percent dextrose is a hypotonic solu- 
tion. Therefore, infusing the 3% dextrose would de- 
crease extracellular fluid osmolarity, which, in turn, 
would lead to diffusion of water into the cells. Un- 
der steady-state conditions, there would be a reduc- 
tion in intracellular and extracellular osmolarity, 
as well as an increase in the fluid volume of both 
compartments. 

TMP13 pp. 311-314 

128. D) A patient with central diabetes insipidus would 
have deficient secretion of ADH, resulting in excretion 
of large volumes of water. This excretion, in turn, would 
cause dehydration and hypernatremia (increased plas- 
ma osmolarity). The hypernatremia would result in 
decreased intracellular volume. Therefore, the primary 
loss of water would lead to increases in both extracellular 
and intracellular fluid osmolarity, as well as decreases 
in intracellular and extracellular fluid volumes. 

TMP13 pp. 313-316 
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129. A) Dilation of the afferent arterioles leads to an in- 
crease in the glomerular hydrostatic pressure and 
therefore an increase in GFR, as well as an increase in 
renal blood flow. Increased glomerular capillary filtra- 
tion coefficient would also raise the GFR but would 
not be expected to alter renal blood flow. Increased 
plasma colloid osmotic pressure or dilation of the ef- 
ferent arterioles would both tend to reduce the GFR. 
Increased blood viscosity would tend to reduce renal 
blood flow and GFR. 

TMP13 pp. 337-341 

130. C) Because inulin is not reabsorbed or secreted by 
the renal tubules, increasing concentration of inulin 
in the renal tubules reflects water reabsorption. Thus, 
an increase of inulin concentration from a level of 2 
mg/100 ml in the plasma to 40 mg/100 ml in the cor- 
tical collecting tubule implies that there has been a 
20-fold increase in concentration of inulin. In other 
words, only l/20th (5%) of the water that was filtered 
into the renal tubule remains in the collecting tubule. 

TMP13 p. 359 

131. B) Nonsteroidal anti-inflammatory drugs inhibit the 
synthesis of prostaglandins, which, in turn, causes con- 
striction of afferent arterioles that can reduce the GFR. 
The decrease in GFR, in turn, leads to an increase in se- 
rum creatinine. Increased efferent arteriole resistance 



and increased glomerular capillary filtration coefficient 
would both tend to increase rather than reduce GFR. 
Increasing muscle mass due to exercise would cause 
very little change in serum creatinine. 

TMP13 pp. 337-340, 342 

132. A) In this example, the plasma sodium concentration 
is markedly increased but the urine sodium concentra- 
tion is relatively normal, and urine osmolarity is almost 
maximally increased to 1200 mOsm/L. In addition, 
there are increases in plasma renin, ADH, and aldoste- 
rone, which is consistent with dehydration caused by 
decreased fluid intake. The syndrome of inappropriate 
ADH would result in a decrease in plasma sodium con- 
centration, as well as suppression of renin and aldoste- 
rone secretion. Nephrogenic diabetes insipidus, caused 
by the kidneys’ failure to respond to ADH, would also 
be associated with dehydration, but urine osmolarity 
would be reduced rather than increased. Primary al- 
dosteronism would tend to cause sodium and water 
retention with only a modest change in plasma sodium 
concentration and a marked reduction in the secretion 
of renin. Likewise, a renin-secreting tumor would be 
associated with increases in plasma aldosterone con- 
centration and plasma renin activity but only a modest 
change in plasma sodium concentration. 

TMP13 pp. 380-381, 385-386 
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